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Abstract 


An  extensive  study  of  geological,  geochronological  (Rb/Sr, 
U/Pb),  and  geochemical  nature  in  the  Central  Mineral  Belt 
of  Labrador,  Canada,  was  initiated  to  solve  several  age-re¬ 
lationship  problems  and  to  study  the  nature  and  genesis  of 
certain  uranium  deposits  within  the  aforementioned  area. 

Rb/Sr  dating,  combined  with  petrographic  -  and  geochemical  - 
studies,  support  the  followinl  conclusions  concerning  age 
relationships  and  igneous  act ivity/evolut ion  within  the 
Central  Mineral  Belt: 

(i)  That  the  Bruce  River  (1520  Ma )  and  Minisinakwa 

(1538  -  25  Ma)  volcanics  are  time  stratigraphic  equivalents 

and  together  with  the  Pet s capiskau  volcanics  (1525  ~  62  Ma) 

once  formed  a  much  more  extensive  volcanic  province 
2 

(~5»000  km  )  during  the  Helikian  period. 

(ii)  That  the  Walker  Lake  (1550  —  50  Ma )  and  Otter  Lake 
(1496  -  37  Ma)  granites  are  not  time  stratigraphic  equivalents, 
but  may  however  be  related  to  the  same  evolving  igneous 
magmatic  system  at  depth  (see  iv ) . 

(iii)  That  the  Aillik  Group  acid  volcanic  rocks  (1767  -  4  Ma ) 
of  the  McLean  Lake  -  Walker  Lake  area  are  related  either 
diachronously  or  unconf ormably  to  the  northerly  member  of  the 
Aillik  Group  found  along  Kaipokok  Bay.  It  is  suggested  that 
this  Group  be  subdivided  and  redefined  as  two  new  groups. 
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(iv)  That  the  Aillik  Group  acid  volcanics,  the  Bruce  River 
Group  and  the  Minisinakwa  volcanics,  and  the  Otter  Lake  and 
Walker  Lake  granites  were  derived  by  crustal  fusion  of  older 
continental  crust  during  Aphebian  to  Helikian  times.  A  model 
is  proposed  whereby  igneous  activity  progressed  from  east  to 
west  as  a  result  of  the  eastward  migration  of  the  continental 

crust  over  a  "hot  spot"  from  Aphebian  to  Helikian  times  (i.e. 

% 

analogous  to  the  evolution  of  the  Hawaiian  chain). 

Geological  mapping,  combined  with  U/Pb  dating,  oxygen  isotope, 
fluid  inclusion,  geochemical,  and  mineralogical  studies,  have 
lead  to  the  recognition  of  four  uraniferous  sub-provinces 
within  the  Central  Mineral  Belt.  These  are  represented  by 
the  following:  (i)  the  Stormy  Lake  deposit,  (ii)  the 

Michelin  -  Burnt  Lake  deposits,  (iii)  the  Moran  Lake  'C* 

Zone  deposit,  and  (iv)  the  Kitts  Pond  -  Moran  Lake  ’B'  Zone 
deposits . 

The  first  sub-province  is  represented  by  the  Stormy  Lake 
Uranium  deposit,  an  unconformity-controlled  vein-type  deposit. 
Remobilization  of  uranium,  possibly  out  of  the  Paleohelikian 
Bruce  River  felsic  volcanics,  occurred  during  the  waning 
stages  of  the  Grenville  Orogeny  (—900  Ma  ago  ?)  and  was 
selectively  deposited  at  the  unconformity  interface  between 
the  volcanics  and  overlying  Neohelikian  Seal  Lake  Group  sedi¬ 
ments  (i.e.,  polymictic  conglomerates  in  this  case).  Fluid 
inclusion  and  oxygen  isotope  studies  suggest  a  temperature 


v 


of  formation  of  -150°C  at  a  depth  of  <300  metres. 

The  Michelin-Burnt  Lake  deposits,  hosted  by  altered  felsic 
volcanics ,  represent  the  second  uraniferous  sab-province. 

It  is  suggested  that  uranium  was  originally  deposited  by 
mobilization  and  reconcentration  during  metasomatic  (alkali) 
alteration  of  the  felxic  volcanics  ~l800  Ma  ago  (type  de¬ 
posit:  Burnt  Lake)  and  later  upgraded  during  Grenvillian 
t ectonism *1100  Ma  ago  (type  deposit:  Michelin). 

The  third  sub-province  is  characterized  by  a  miogeoclinal 
association  of  mafic  volcanics,  chemical  sediments,  and  ar¬ 
gillites  of  Aphebian  Aillik  -  and  Moran  Lake  -  Groups. 

Uranium  was  originally  concentrated  during  deposition  of  the 
shelf-facies  pelites  but  reconcentrated  and  upgraded  by 
subsequent  geologic  processes.  At  the  Kitts  deposit  the 
nature  and  age  of  mineralization  (-1750  Ma)  suggests  that 
the  Hudsonian  orogeny  was  responsible  for  the  eqigenetic, 
vein-like  character  of  the  pitchblende  mineralization.  At 
the  Moran  Lake  ' B '  Zone  deposits,  anorthositic  dykes  cutting 
Helikian  sediments  of  the  Heggart  Lake  Formation  are  believed 
to  have  remobilized  uranium  -17^0  Ma  ago  which  was  originally 
concentrated  in  the  Aphebian  Moran  Lake  Group  known  to  under¬ 
lie  the  area. 

A  fourth  uraniferous  sub— province  is  represented  by  the 
Moran  Lake  *C*  Zone  deposit  where  hydrothermal  fluids  carry 
uranium  ascended  along  faults  and  the  uranium  was  precipitated 
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out  along  favorable  horizons  (i.o. 
in  this  case).  U/Pb  dating  indicat 
for  the  mineralization,  thus  sugges 
lationship  between  this  event  and  1 
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uranium  bearing  fluid. 
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CHAPTER  I 


1.1  Location : 

The  study  area  is  located  in  Labrador,  more 
specifically  that  part  of  the  southern  Nain  Province  refer¬ 
red  to  as  the  Central  Mineral  Belt  (Smyth  et  al. ,  1975). 

The  area  extends  from  Makkovik  on  the  east  coast  of  Labrador 
inland  for  260  km  to  the  Smallwood  Reservoir.  The  area  is 
uninhabited  except  for  a  few  coastal  ports  such  as  Postville 
on  the  north  shore  of  Kaipokok  Bay  and  Makkovik  on  the  east 
coast  (Figure  1  and  2)  . 

Access  to  the  field  area  is  restricted  to  fixed 
wing  aircraft  and  helicopter  which  fly  out  of  Goose  Bay, 
although  some  waterways  such  as  the  Kanairiktok  and  Naskaupi 
Rivers  permit  limited  penetration  into  the  field  area. 

The  physiography  consists  of  flat  lying  to  undu¬ 
lating  glacial  terrain  blanketed  with  till  and  outwash  with 
limited  positive  relief  except  in  the  eastern  part  of  the 
area  where  granitic  terrain  predominates  forming  distinct 
topographic  highs  (i.e.  Monkey  Hill,  Benedict  Mountains). 

Vegetation  is  restricted  to  low-lying  valleys 
where  fairly  dense  coniferous  growth  occurs;  again  this  is 
mainly  in  the  central  and  western  parts  of  the  area  with  the 
eastern  area  essentially  barren  of  tree  growth.  However, 
the  entire  belt  is  blanketed  by  a  prolific  growth  of  green 
moss  thus  necessitating  one  to  carry  a  grub  hoe  on  all 
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traverses  if  one  wishes  to  observe  any  outcrop. 

Due  to  the  severe  climatic  conditions  field 
seasons  are  restricted  to  the  months  of  June,  July  and 
August,  and  even  then  Mother  Nature  only  permits  geologists 
to  scar  her  surface  with  grub  hoes  and  geological  picks  70% 
of  the  time. 

Purpos  e : 

This  project,  which  was  predominantly  geochrono- 
logical  in  nature,  was  initiated  to  augment  regional 
(1:100,000  scale)  mapping  of  the  Central  Mineral  Belt  of 
Labrador  begun  in  197z*  (Smyth  et  al.  ,  1975)  by  the  Newfound¬ 
land  Department  of  Mines  and  Energy.  The  study  consisted  of 
two  parts,  first  to  investigate  in  detail  the  age  and  gen¬ 
esis  of  several  previously  identified  uranium  showings  and, 
secondly,  to  generate  five  Rb-Sr  isochrons  on  lithologies 
specified  by  Dr.  Ron  Smyth  (chief  geologist  for  the  Labrador 
Division)  where  age  determinations  were  required  to  unravel 
ambiguities  inherent  in  the  geological  record  already  docu¬ 
mented  at  the  outset  of  this  project. 

Previous  work  by  Beaven  (1958),  Gandhi  et  al. 
(1969),  Gandhi  (1976),  and  Minatidis  (1976)  had  defined  the 
Central  Mineral  Belt  as  a  "uraniferous  province”  but  these 
studies  were  only  cursory  in  nature  and  did  little  other 
than  to  document  the  type  of  mineralization  present.  With 
the  onset  of  the  uranium  boom  in  the  early  1970's,  a 
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proliferation  of  new  ideas  on  the  genesis  of  uranium  ores 
occurred  as  a  result  of  the  discovery  of  a  diversity  of  new 
type-deposits.  It  was  hoped  that  this  recent  work  would 
benefit  a  study  of  this  nature  and  permit  one  to  recognize 
uraniferous  subprovinces  and  also  to  outline  areas  of  high 
potential.  Five  areas  were  selected  (  Stormy  Lake,  Burnt  Lake, 
Moran  Lake  'B'  and  'C'  Zones,  and  Kitts  Pond  )  after  reading 

the  available  literature  and  consulting  with  government 
geologists.  The  areas  spanned  the  length  of  the  Central 
Mineral  Belt  and  included  all  the  major  lithologies  consid¬ 
ered  to  be  suitable  host  rocks  for  uranium  mineralization. 

Regional  mapping  of  the  Central  Mineral  Belt  by 
Government  geologists  during  1974  (Smyth  et  al. ,  1975)  and 
1976  (Smyth,  1977;  Ryan,  1977)  had  outlined  several  problem 
areas  where  dating  was  required  in  order  to  permit  correla¬ 
tion  of  lithologies  and  time  scale  classif ication  (cf. 
Stockwell ,  1964).  More  specifically,  lack  of  outcrop  and  a 
large  area  underlain  by  granitic  terrain  in  the  central 
portion  of  the  Central  Mineral  Belt  prevented  one  from  deter¬ 
mining  several  important  geological  relationships,  namely  the 
following : 

i)  The  stratigraphy  of  the  Aphebian  Allik  Group. 

Previous  work  had  defined  two  distinct  geological  provinces 
in  the  eastern  part  of  the  Central  Mineral  Belt  character¬ 
ized  by  basic  volcanics  and  metapelitic  schists  found  in 
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the  Kitts-Pos thill  Belt  and  another  dominated  by  acid  vol- 
canics  found  in  the  Walker  Lake-MacLean  Lake  area.  The 
two  provinces  were  thought  to  be  time  stratigraphic  equi¬ 
valents,  diachronously  related,  or  possibly  separated  by 
an  unconformity,  thus  implying  a  major  time  break  in  the 
geologic  record  and  requiring  reclassification, 

ii)  Whether  the  acid  volcanics  and  volcaniclast ics 
of  the  Aillik  Group  were  equivalent  to  acid  volcanics  of 
the  Bruce  River  Group  found  further  to  the  west.  The  pre¬ 
sence  of  an  unconformity  between  the  Aphebian  Moran  Group 
basic  volcanics  and  shales  and  the  Paleohelikian  Bruce 
River  Group  suggested  to  Smyth  et  al.  (1975)  and  Smyth 
(1977,  pers.  comm.)  that  a  similar  situation  might  exist 
in  the  Aillik,  thus  permitting  correlation  between  the  two 
areas  and  a  division  of  the  latter  into  lower  and  upper 
units  of  Aphebian  and  Helikian  age,  respectively. 

iii)  Whether  a  unit  of  acid  to  intermediate  volcanics 
and  volcaniclas t ics ,  referred  to  informally  as  the  Minis— 
inakwa  Volcanics,  found  north  of  Nipishish  Lake  were  equival¬ 
ent  to  similar  rocks  of  the  Bruce  River  Group  or  the  Aillik 
Group.  Although  located  on  strike  with  the  acid  volcanics 

of  the  Aillik  Group  the  rocks  exhibited  features  more  char¬ 
acteristic  of  Bruce  River  Group  volcanics  (i.e.  feldspar 
phenocrysts,  rather  than  quartz  and  feldspar  phenocrysts  as 
found  in  the  Aillik  Group  volcanics).  However,  the  presence 
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of  the  Gravelly  River  shear  zone  immediately  north  of  the 
sequence  prevented  positive  correlation  of  the  volcanics  with 
the  Bruce  River  Group  and  a  granitic  batholith  (the  Walker 
Lake  Granite)  prevented  their  correlation  with  the  Aillik 
Group  found  further  to  the  east. 

iv )  Whether  the  Otter  Lake  Granite  found  in  the  cen¬ 

tral  portion  of  the  Central  Mineral  Belt  was  equivalent  to 
the  Walker  Lake  Granite  which  underlies  the  map  area  further 
to  the  east  and  their  ages.  Mapping  by  Smyth  (1977) ♦  Smyth 
et  a  1 .  (1975) i  Ryan  (1978),  and  Bailey  (1978)  outlined  two 

large  granitic  bodies  which  shared  similar  characteristics 
(i.e.  leucocratic  granites  with  mafic  rich  portions,  both  of 
which  had  syenitic  to  monzonitic  phases  and  contained  diori- 
tic  inclusions).  A  large  area  covered  by  glacial  drift  north 
of  Nipishish  Lake  prevented  one  from  tracing  the  units  into 
each  other  and  thus  dating  appeared  to  be  the  only  alterna¬ 
tive  approach. 

In  order  to  solve  these  problems,  five  rock  suites 
were  selected  for  Rb-Sr  dating:  i)  the  Walker  Lake  Granite; 
ii)  the  Otter  Lake  Granite;  iii)  the  Bruce  River  Group;  iv ) 
the  Minis inakwa  Volcanics;  and  v)  the  Aillik  Group  acid 
volcanics . 

1.2  Previous  Work 


Steinhauer  (l8l4),  Lieber  (i860),  Packard  (1891) 
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and  Daly  (1902)  provide  the  earliest  interpretations  of 
the  geology  of  Labrador  focusing  on  the  coastal  sections,  as 
did  Kranck  (1939,  1953)  and  Douglas  (1953)  during  their 
coastal  excursions  from  Domino  Run  to  Hopedale.  Reconnais¬ 
sance  mapping  by  the  Geological  Survey  of  Canada  produced 
the  first  regional  maps  of  the  central  Mineral  Belt  (Fahrig, 
1959;  Christie  et  al. ,  1953;  Stevenson,  1970;  Williams, 

1970),  along  with  numerous  additional  publications  of  geo¬ 
chemical  (Baragar,  1969),  geochronological  (Leech  et  al. , 
1963;  Grasty  et  al. ,  1969),  and  geophysical  (Fahrig  and  La- 
rochelle,  1972;  Roy  and  Fahrig,  1973)  nature.  Green  (1972, 
1974)  published  the  first  geological  reports  showing  the 
broad  regional  relationship  of  the  Central  Mineral  Belt  in 
Labrador  and  its  geological  affinities  to  southwestern 
Greenland  has  been  discussed  by  Sutton  et  al.  (1971),  Bridge- 
water  (1970),  and  Currie  et  al.  (1975). 

Recently  more  detailed  studies  of  the  various  rock 
groups  have  been  completed.  Gandhi  et  al  (1969)  gave  a 
comprehensive  report  on  the  Aillik  Group  outcropping  over 
the  eastern  portion  of  the  Central  Mineral  Belt  which  expan¬ 
ded  on  the  previous  work  of  King  (1963)  and  Gill  (1966). 
However,  remapping  of  this  area  by  Bailey  (197^n  1979),  White 
(1976)  and  Clark  (1970,  1974)  produced  notable  revisions, 
most  significantly  the  reclassification  of  Gandhi  et  al.'s 
(1969)  f eldspathic  quartzites  as  acid  volcanics.  Smyth 


* 


11 


et  al.  (1975,  1978)  remapped  the  central  part  of  the  Cen¬ 
tral  Mineral  Belt  and  recognized  an  unconformity  between 
William’s  (1970)  Lower  and  Middle  divisions  of  the  Croteau 
Group  (Fahrig,  1957)  and  their  subsequent  reclassification 
as  the  Aphebian  Moran  Group  and  Peleohelikian  Bruce  River 
Group  respectively.  Brummer  and  Mann’s  (1961)  lengthy  des¬ 
cription  of  the  Neohelikian  Seal  Lake  Group,  which  forms 
the  youngest  of  the  three  main  rock  divisions  in  the  Central 
Mineral  Belt,  remains  essentially  unchanged.  Additional 
geological  references  describing  the  geology  are  found  in 
the  files  of  the  Newfoundland  Department  of  Mines  and  Energy 
(e.g.  Ryan,  1977;  Ryan  and  Harris,  1978;  Smyth,  1977; 

Smyth  and  Marten,  1975;  Marten,  1975)  and  Brinex. 

The  area  has  been  explored  intensively  for  base 
metals  and  uranium.  Evans  (1952)  and  Brummer  and  Mann 
(1961)  describe  the  native  copper  occurrences  of  the  Seal 
Lake  district  which  they  compare  to  the  Keweenawan  district 
of  Michigan  in  terms  of  lithology,  age,  and  mineralization. 
Brummer  and  Mann  (I96I),  Evans  and  Dujardin  (I96D,  and 
Curtis  et  al.  (1974 )  describe  complex  REE  mineralization  in 
alkaline  complexes  in  the  Seal  Lake  area  which  are  correla¬ 
ted  to  the  Gardar  Province  of  Southern  Greenland,  host  of 
the  Ilimaussag  uranium  deposit  (Boshe  et  al. ,  1974). 

Uranium  mineralization,  however,  is  presently  the  focus  of 
exploration  throughout  the  Central  Mineral  Belt.  Beaven 
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(1958)  first  described  uraniferous  occurrences  recognizing 
the  area  as  a  uranium  province.  Subsequent  studies  include 
Smyth  and  Marten's  (1975)  report  on  the  basal  unconformity 
of  the  Seal  Lake  Group;  Smyth  and  Ryan's  (1977)  study  of 
the  Moran  Lake  district  where  uranium  is  associated  with 
mafic  dykes  and  breccias;  Minatidis '  (1976)  comparative 
study  of  several  uranium  deposits;  Gandhi's  (1976)  geochron- 
ological  study  of  several  deposits  in  the  Aillik  Group,  and 
Kontak's  (1978)  preliminary  report  on  the  uranium  occurren¬ 
ces  discussed  within  this  text. 

The  present  study  is  too  broad  to  discuss  all  the 
previous  work  concerning  the  various  topics  covered  within 
this  study  (i.e.  Rb-Sr  dating;  U-Pb  dating;  fluid  inclus¬ 
ions;  oxygen  isotopes;  geochemistry;  etc.)  and  will  thus  be 
reviewed  separately  when  discussed. 

1.3  Regional  Geology 
1.3.1  Introduction 

The  regional  geology  of  Labrador  is  shown  in 
figure  1.  The  first  compilation  map  of  the  area  was  produced 
by  Greene  (1972)  and  the  accompanying  report  (Greene,  197*0 
represented  the  first  attempt  to  outline  the  geology  of 
Labrador. 

Labrador  contains  four  of  the  six  geologic  pro¬ 
vinces  as  designated  by  Stockwell  (1964),  the 
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Nain— ,  Superior-,  Churchill-,  and  Grenvillc-Provinces ,  of 
which  the  Nain  Province  is  confined  wholly  to  Labrador. 

The  age  of  the  rocks  found  within  Labrador  range  from  Ar- 
chean  (i.e.  the  Saglek  area)  to  Mesozoic  (i.e.  the  Mesta- 
stin  Formation  and  the  Redmond  Formation).  Although  the 
geology  of  Labrador  has  been  mapped,  it  has  been  completed 
in  only  a  cursory  fashion  and  as  a  result  numerous  discrepan¬ 
cies,  contradictions,  and  errors  abound  in  the  literature. 
Similarly,  this  study  suffers  the  same  failings  in  places. 

The  study  area  is  restricted  to  the  southern  part 
of  Labrador  within  an  area  (260  km  x  ^10  km)  referred  to  as 
the  "Central  Mineral  Belt"  extending  from  the  coast  at 
Makkovik  southwestwards  to  the  Smallwood  Reservoir.  It  con¬ 
sists  of  supracrustal  rocks  of  Aphebian  to  Neohelikian  age 
which  rest  upon  older  basement  gneisses  and  are  intruded  by 
numerous  granitoid  bodies  and  diabase  dykes.  Due  to  the 
dominantly  northwes t-s outhwes t  structural  trend  and  its  dis¬ 
tinct  supracrustal  assemblage  Taylor  (1971)  referred  to  it 
as  the  Makkovik  Subprovince,  part  of  the  larger  Nain  Province. 
The  oblique  trend  of  the  structural  style  of  the  subprovince 

,  i  r  r  ° 

is  apparently  duo  to  rotation  of  the  area  approximately  u 
during  a  period  1500  —  1200  my  ago  (Roy  and  Fahrig,  19/3)» 

1.3.2  Geology, 


As  mentioned  previously,  Labrador  has  been  divided 
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geologically  into  four  structural  provinces  by  Stockwell 
(1964),  whose  proposals  were  modified  by  Taylor  (1971)  and 
Greene  (1974).  These  shall  be  discussed  separately  in  a 
cursory  fashion  and  then  the  Central  Mineral  Belt  will  be 
described  in  more  detail. 

Superior  Province 

The  Superior  Province  underlies  the  westernmost 
portion  of  Labrador  and  occupies  the  smallest  area  of  the 
structural  provinces.  It  is  characterized  by  east-west 
structural  trends  and  by  Archean  ages  (Stockwell,  1964;  Good¬ 
win  et  al. ,  1972).  It  is  underlain  by  granulite  gneisses 
and  by  acidic  intrusives,  and  is  uncomf ormably  bounded  by 
the  Churchill  Province  to  the  east. 

The  Churchill  Province 

The  Churchill  Province  has  recently  been  extended 
by  Taylor  (1971)  to  include  the  western  Nain  Subprovince  of 
Stockwell  (1963,  1964)  as  a  result  of  mapping  by  Taylor 
(1969,  1970)  who  failed  to  detect  any  tectonic  break  between 
the  Nain  and  Churchill  Provinces.  Although  the  structural 
styles  in  the  areas  are  similar,  there  still  remains  con¬ 
flict  between  age  determinations  in  this  annexed  portion  of 
the  Nain  and  the  rest  of  the  Churchill  Province.  The  north¬ 
ern  boundary  of  the  Churchill  with  the  Nain  is  marked  by  a 
mylonite  zone  (Taylor,  1969,  1970)  and  its  southern  boundary, 
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although  covered  by  supracrustals ,  is  assumed  to  be  represen¬ 
ted  by  the  Pocket  Knife  Fault  (Greene,  197/i). 

The  Churchill  Province  is  divisible  into  two 
north  trending  belts;  the  Labrador  Trough,  composed  of 
Aphebian  sediments  and  mafic  volcanics  with  large  deposits 
of  iron  formation,  and  an  eastern  zone  of  high  grade  meta- 
morphic  rocks. 

It  is  important  to  note  that  Greene  (197/l)  extends 
the  Churchill  Province  to  include  the  Seal  Lake  Group 
(Brummer  and  Mann,  1961),  formerly  assigned  to  the  Grenville 
by  Stockwell  et  al. ,  (1970)  nnd  to  the  Grenville  Foreland 

Zone  by  Wynne-Edwards  (1972).  This  supracrustal  sequence 
forms  the  western  portion  of  the  Central  Mineral  Belt. 

The  Noin  Province 

The  Nain  Structural  Province,  as  defined  by 
Taylor  (1971),  is  the  only  structural  province  wholly  con¬ 
tained  within  Labrador  and  is  characterized  by  north  trend¬ 
ing  structures  and  Archean  ages,  except  in  the  south.  In 
the  latter  case  the  Archean  rocks  and  overlying  supracrus¬ 
tals  of  Aphebian  age  have  been  affected  by  the  Hudsonian 
Orogeny,  thus  resetting  the  K-Ar  isotopic  clocks.  The 
southern  portion,  where  northeast-southwest  trends  and 
Aphebian  ages  predominate,  has  been  set  aside  by  Taylor 
(1971)  os  a  subprovince  of  the  Nain,  the  Makkovik  Sub- 

province. 
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In  the  north  the  Nain  province  is  underlain  by  a 
high-grade  metamorphic  terrain  of  Archean  age  and  is  locally 
overlain  by  Aphebian  supracrus t als .  These  include  the 
Ramah  Group  (Knight,  1973;  Knight  and  Morgan,  1976)  re¬ 
cently  dated  at  1892  Ma  (Wanless  and  Loveridge,  1978),  the 
Mugford  Group  (Smyth,  1973;  Barton, 1975)  and  the  Snyder 
Group.  The  groups  are  believed  to  be  of  equivalent  age  and 
their  correlation  has  recently  been  discussed  by  Smyth  and 
Knight  (1978).  Supracrus tals  also  outcrop  in  the  south  in 
the  Makkovik  Subprovince  and  will  be  discussed  separately 
later  on. 

Grenville  Province 

The  Grenville  Province  extends  into  the  southern 
portion  of  Labrador,  striking  in  an  east-west  direction. 

Its  northern  contact,  the  Grenville  Front,  lies  south  of  the 
Central  Mineral  Belt  where  extensive  faulting  and  mylonisa- 
tion  occurred  (Fahrig,  1957;  Stevenson,  1970;  Williams,  1970) » 
however,  the  eastward  extension  of  this  front  to  the 
Labrador  coast  has  been  a  point  of  contention  for  some  time. 
Stockwell  (1963,1964)  originally  extended  the  front  too  far 
north,  although  Wanless  et  al. ,  (1967)  agreed  with  this. 

Mapping  by  Stevenson  (1970)  and  dating  by  Grasty  et  al . , 

(I969)  showed  that  the  front  was  located  further  south, 
passing  out  to  sea  along  Pottles  Bay»  Taylor  (1971)  moved 
the  front  further  south  to  the  north  shore  of  Groswater  Bay 
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and  Greene ( 1974 )  relocated  it  along  the  northern  shore  of 
Pottles  Day  pending  further  age  dating. 

Wynne-Edwards  (1972)  includes  the  rocks  of  the 
Central  Mineral  Belt  in  the  Grenville  Foreland  Belt,  more 
specifically  the  Nain  Foreland  Zone.  Further  to  the  south 
the  area  is  underlain  by  high-grade  metamorphic  rocks 
(paragneiss)  and  is  overlain  by  undisturbed  arkosic  sediments 
of  the  Double  Mer  Formation  (Kranck,  1953;  Stevenson,  1970). 

Large  parts  of  Labrador  are  underlain  by  anortho¬ 
site  and  adamellite,  part  of  a  broad  northeast  belt  of  in¬ 
trusions  which  extend  from  the  Adirondack  Massif  in  New  York 
State  to  the  Nain  Province  in  Labrador.  The  Labrador  anor¬ 
thosites  include  the  Nain  anorthosite  (Wheeler,  19^2,  i960), 
Michikamau  anorthosite  (Emslie,  1965 »  1970)  and  the  Ilarp 

Lake  anorthosite.  These  represent  part  of  an  extensive 
thermal  event,  the  Elsonian  Orogeny  (Stockwell,  1964),  and 
are  characterized  by  K-Ar  ages  in  the  range  1300  -  1400  Ma 
with  younger  ages  found  in  bodies  further  to  the  south. 

Southern  Labrador  is  cut  by  numerous  diabase  dykes, 
trending  east— west.  They  are  predominantly  01  Grenville  age 
and  K-Ar  ages  cluster  around  950  Ma  (Gandhi  et  al.  ,  1969; 

Grasty  et  al. ,  1969),  however,  premetamorphic  dykes  of  older 

age  do  occur  (Stevenson,  1970).  Younger  lamprophyric  dykes 
dated  at  575  Ma  (Leech  et  al. ,  1963)  are  also  known  to  occur 


on 


the  coast  at  Makkovik. 
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Comparisons  have  been  made  between  the  geology  of 
Greenland  and  Labrador,  particularly  with  reference  to  the 
Saglek  area  (Collerson  et  al. ,  1976)  and  southern  Labrador, 
where  agpaitic  instrusions,  part  of  Red  Wine  Alkaline  Pro¬ 
vince,  occur  (Currie  et  al. ,  1975).  These  comparisons  arise 
from  studies  involving  continental  drift  and  plate  tectonics, 
and  a  full  treatment  of  the  problem  is  discussed  by  Windley 
(1976). 

Geology  of  the  Central  Mineral  Belt 

The  Central  Mineral  Belt  (seen  in  figure  2),  is  a 
lenticular  belt  (approximately  260  x  40  km)  of  Proterozoic 
supracrustal  rocks  which  stretches  from  the  Labrador  coast 
at  Makkovik  s outhwes twards  to  the  Smallwood  Reservoir,  It 
has  been  divided  into  four  distinct  geological  groups  —  the 
Seal  Lake  Group  to  the  west,  the  Moran  and  Bruce  River  Groups 
in  the  central  portion,  and  the  Aillik  Group  to  the  east. 
Three  of  these  groups  lie  within  the  Makkovik  Subprovince, 
and  the  fourth,  the  Seal  Lake  Group,  lies  within  the  Chur — 
chill  Province  as  redefined  by  Greene  (1974).  The  strati¬ 
graphy  of  the  Central  Mineral  Belt  is  presented  in  Table  1, 
this  includes  modifications  made  as  a  result  of  this  study. 

The  Aphebian  Aillik  Group,  originally  referred  to 
as  the  "Aillik  Series"  (Kranck,  1953;  Douglas,  1953;  Gandhi 
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ct  nl. ,  19^9),  until  redefined  by  Stevenson  (1970),  consists 
of  a  bimodal  volcanic  sedimentary  assemblage,  ~7620  metres 
in  thickness  (25,000  ft)  (King,  1963;  Gandhi  et  al. ,  1969; 
Stevenson,  1970),  unconf ormably  overlying  the  Archean  Hope- 
dale  Complex  (Kranck,  1953;  Sutton,  1972).  The  Ilopedale 
Gneiss  consists  of  highly  contorted,  banded  gneisses  in 
which  the  leuco-and  melano-crat ic  layers  vary  in  width  from 
a  few  inches  to  several  feet,  frequently  grading  into  small 
intrusive  bodies  of  granite  (Gandhi  et  al, ,  1969;  Sutton, 
1972).  Results  of  K-Ar  dating  indicate  Archean  ages  (Wanloss 
et  al. ,  19^5;  Leech  et  al. ,  19^5)  except  along  the  southern 

shore  of  Kaipokok  Bay  (Gandhi  et  al. ,  1969)  where  Hudsonian 

ages  occur  as  a  result  of  metamorphism  during  the  Hudsonian 
Orogenic  event.  During  this  latter  event  the  basement-cover 
contact  was  modified  and  nearly  completely  obliterated  and 
local  pegmatitic  material  can  be  seen  cutting  the  overlying 
Apliebian  sequence,  as  for  example  in  the  Kitts  Pond  area 
(Marten,  1971)« 

The  Aillik  Group  in  the  northern  part-  of  the 
Central  Mineral  Belt  (i.e.  in  the  Kitts  Pond-Post  Hill  Belt) 
consists  predominantly  of  metasediments,  including  shales, 
quartzites,  conglomerates,  limestone,  iron  formation,  and 
mafic  volcanics  (both  massive  and  pillowed)  (Gandhi  et  al. , 
1969).  The  metamorphic  grade  of  these  rocks  is  of  green- 
schist  to  amphibolite  grade.  Further  to  the  south,  the 
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sequence  is  dominated  by  acid  volcanics  with  lesser  amounts 
of  tuffaceous  sediments,  quartzites,  mafic  volcanics  and 
variable  sandstones  (Watson-\#iite,  1976;  Bailey,  1978). 
Although  the  rocks  have  undergone  regional  metamorphism 
the  grade  does  not  appear  to  be  as  high  as  in  the  north  ex¬ 
cept  locally  along  shear  zones  (Bailey,  1978). 

Dating  of  the  metasediments  and  met avolcanics  in 
the  north  by  K-Ar  method  reflect  the  Hudsonian  metamorphism, 
giving  ages  of  1497  “  1545  Ma  (Gandhi  et  al. ,  1969),  however, 
uranium  mineralization  at  Kitts  Pond  has  been  dated  at  ~1750 
Ma  (see  Chapter  6)  and  the  Long  Island  Gneiss,  intrusive 
into  the  Aillik  Group,  gives  a  K-Ar  age  of  1832  -  58  Ma. 

Doting  of  the  acid  volcanics  east  of  Walker  Lake  further  to 
the  south  gave  a  Rb-Sr  isochron  age  of  1767  -  4  Ma.  These 
ages  would  thus  imply  that  the  two  sequences  were  not  deposi¬ 
ted  contemporaneously  and  therefore  are  not  time  stratigraphic 
equivalents. 

Several  large  granitoid  bodies  of  Hudsonian-,  and 
possibly  Grenville-age  cut  the  Aillik  Group.  A  large 
granitic  batholith  terminates  the  westward  extension  of  the 
Aillik  Group  west  of  Stipec  Lake  (Smyth,  1977).  The  Walker 
Lake  Granite,  one  of  the  phases  of  this  granitic  mass,  gave 
K-Ar  dates  of  1437  -  36  Ma  on  biotite  and  1645  -  46  Ma  for 
hornblende  (Wanless  et  a 1 . ,  1974);  Rb— Sr  dating  of  the 
granite  was  unsuccessful  (see  Chapter  3).  1°  the  eastern 
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port  of  the  A.illik  Group  the  Strawberry  Granite  is  the  most 
prominent  intrusive  body  and  is  a  massive,  fresh,  medium-  to 
coarse-grained,  pink  granite  (Stevenson,  1970  ;  Kronck, 

1953)  dated  by  K-Ar  at  1600  —  Ma.  A  grey,  medium-  to 
coarse-grained,  massive  granite  occurs  widely  throughout 
the  homogeneous  pink  granite  and  may  represent  a  different 
generation  of  igneous  activity.  Also  cutting  the  Aillik 
Group  is  a  prekinematic  intrusion,  the  Long  Island  Gneiss 
which  was  dated  using  the  K-Ar  method  at  1832  —  58  Ma 
(Gandhi  et  al. ,  1969).  Kranck  (1953)  and  Stevenson  (1970) 
also  describe  syenitic  rocks  which  cut  all  the  above-mentioned 
units  occurring  either  as  stocks  or  dykes.  The  youngest  in¬ 
trusive  rocks  are  mafic  dykes  of  pre-  and  postmet amorphic 
age  (i.e.  Grenville).  These  occur  as  long  sinuous  dykes  in 
the  southern  part  of  the  area  and  form  prominent  topographic 
highs  easily  distinguishable  on  airphotos.  Towards  the 
Grenville  Front  they  commonly  give  K-Ar  ages  in  the  900-1000 
Ma  range  (Gandhi  et  al. ,  1969;  Grasty  et  al. ,  1969). 

The  rocks  of  the  Aillik  Group  have  undergone  a 
single  cycle  of  orogenic  deformation  (Gandhi  et  al. ,  1969)1 

although  several  phases  are  recognized  as  part  of  this  event 
in  the  Kaipokok  Bay  area  (Clark,  1971;  Sutton  et  al. ,  1971). 
However,  Bailey  (1978)  recognizes  effects  of  a  second 
orogenic  event  of  Grenville  age  further  to  the  south  in  the 
Walker  Lake-McLean  Lake  area.  In  the  north  the  structure  is 
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characterized  by  north-south  trending  zones  2  -  5  km  wide 
refolded  into  tight,  northeast  and  southwest  plunging  folds. 
In  the  south  of  the  dominant  structural  style  is  tight 
isoclinal  folding  trending  northeast-southwest  with  parallel 
shears  usually  replacing  anticlinal  limbs  (Bailey,  1978). 

The  central  part  of  the  Central  Mineral  Belt,  ex¬ 
tending  from  Stipec  Lake  in  the  east  to  Pocket  Knife  Lake  in 
the  West,  is  underlain  by  rocks  of  Aphebian  to  Paleohelikian 
age  forming  the  Moran-  and  Bruce  River-Groups  respectively 
(Smyth  et  al. ,  1975).  These  two  groups  were  originally  re¬ 
ferred  to  as  the  Croteau  Series  by  Ilalct  (19/i6)  in  a  private 
company  report  to  Dome  Exploration.  Fahrig  (1959)  published 
the  first  geological  map  of  the  western  part  of  the  area  and 
redefined  the  Croteau  Series  as  the  Croteau  Group,  and 
Williams  (1970)  mapped  the  eastern  part  of  the  area.  Al¬ 
though  previous  workers  recognized  the  stratigraphic  divi¬ 
sions  in  the  area  they  did  not  realize  the  unconf ormable 
relationship  between  the  lower  and  upper  units.  The  recog¬ 
nition  of  this  unconformity  by  Smyth  et  al. ,  (1975)  subse¬ 

quently  led  to  the  redefining  of  the  Croteau  Group  into  two 
divisions,  the  Aphebian  Moran  Group  and  Paleohelikian  Bruce 

River  Group. 

The  Moran  Group  forms  a  northeast  trending  helt 
extending  from  Pocket  Knife  Lake  in  the  west  to  Island  Pond 
in  the  northeast.  It  consists  of  a  (1500  -  1600  m  thick) 
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succession  of  quarfcite,  iron  formation,  slate,  dolostone, 
mudstone,  and  mafic  volcanics.  Ryan  (1978)  reported  quench 
texture  in  thin  sections  of  the  mafic  units  which  also  ex¬ 
hibit  pillowed  structures,  however,  east  of  Croteau  Lake 
hexagonal  cooling  joints  are  developed  in  the volcanics 
indicating  subaerial  deposition  (Smyth  et  al. ,  1975).  To  the 
north  the  basal  unit  of  the  Moran  Lake  Group  overlies  the  Archean 
basement  which  includes  granodiorit e ,  migmatite  and  gneiss. 

The  Moran  Group  suffered  polyphase  deformation 
prior  to  the  deposition  of  the  overlying  Bruce  River  Group. 

The  first  phase  produced  a  slaty  cleavage  and  the  second  an 
axial  cleavage  northeast  to  northwest  with  open  to  closed 
steeply  plunging  folds  frequently  overturned  to  the  north 
(Smyth  et  al. ,  1975).  Ryan  (1978)  reports  slivers  of  the 
Moran  Group  infolded  in  the  Archean  gneiss  in  the  northeast 
part  of  the  area. 

The  Paleohelikian  Bruce  River  Group  outcrops  over  most 
of  the  middle  area  of  the  Central  Mineral  Belt,  occupying  a 
largo  open  synclinal  structure  which  trends  northeast-south¬ 
west  and  plunges  to  the  southwest.  The  group  corresponds  to 
Fahrig's  (1957)  upper  division  of  the  Croteau  Group  and 
Williams  (1970)  Middle  and  Upper  Croteau  Group.  Three  divi¬ 
sions  are  recognized  within  the  group  (Stockwell  et  al. ,  1970; 


Smyth  et  al. ,  1975)  with  a  total  thickness  approximately 
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10,000  metres  (Table  2).  The  lower  division,  the  Heggart  Lake 
Formation,  unconf ormably  overlies  the  Moran  Group  and  occupies 
a  graben-like  structure  east  of  Moran  Lake.  It  consists  pre¬ 
dominantly  of  polymictic  conglomerate  with  minor  red  sediments, 
and  felsic  and  mafic  volcanics.  The  middle  division  consists 
of  a  basal  conglomerate  horizon  with  the  majority  of  the  sec¬ 
tion  composed  of  tuffaceous  sandstone  and  tuff.  The  uppermost 
division  comprises  mafic  to  acid  flows  and  sills,  thick  ig- 
nimbritic  sheets  and  minor  agglomerate,  tuff  and  sandstone. 

This  division  has  been  dated  at  ~ 1520  Ma  (see  Chapter  2)  using 
the  Rb-Sr  method. 

The  Bruce  River  Group  has  been  deformed  into  large, 
open  upright  folds  that  plunge  gently  to  the  southwest,  an 
associated  fabric  is  poorly  to  well  developed  and  is  generally 
axial  planar.  This  fabric  is  better  developed  towards  the 
south  where  the  metamorphic  grade  generally  increases  (Ryan, 
1978).  Extensive  faulting,  trending  northsouth  to  northeast- 
southwest  and  east-west,  has  modified  the  regional  geology 
with  the  latter  set  displacing  the  north-south  structures. 

Ryan  (1978)  reports  an  earlier  event  of  reverse  faulting 
which  juxtaposed  older  basement  rocks  against  the  younger 
Bruce  River  Group  rocks.  Several  shear  zones  (i.e.  Gravelly 
River,  Bruce  River,  and  Minisinakwa)  cut  the  region  in  a  north- 
east-southwest  direction. 

The  area  has  been  intruded  extensively  by  granitic 
.  The  Junior  Lake  Granite,  east  of  Moran 
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Lake,  was  emplaced  prior  to  the  deposition  of  the  Ileggart 
Lake  Formation  which  overlies  it  unconf ormably  (Smyth  ct  al. , 
1975)-  Most  of  the  region  from  Otter  Lake  to  Stipec  Lake 
south  of  the  Gravelly  River  shear  zone  is  underlain  by  the 
Otter  Lake  Granite,  a  medium-  to  coarse-grained  biotite 
monzonite  and  granodiorite  dated  by  the  Rb-Sr  method  at 
1497  -  57  Ma  (see  Chapter  2).  This  is  cut  by  a  sheet-like 
body  of  fine-grained,  foliated,  pink  muscovite-biotite  gran¬ 
ite  in  the  Nipishish  Lake  area  (Ryan,  1978).  Minor  gabbro, 
diorite,  porphyry  and  leucogranite  also  crop  out  .  A  coarse¬ 
grained  gabbroic  dyke,  the  Michael  Gabbro,  extends  in  an 
east-west  direction  along  the  southern  area. 

The  western  part  of  the  Central  Mineral  Delt  is 
underlain  by  the  Neohelikian  Seal  Lake  Group,  a  continental 
succession  of  mafic  volcanics  and  sediments  intruded  by 
numerous  diabase  and  gabbroic  sills  approximating  10,000m 
thick  (Fahrig,  1957i  1959;  Brummer  and  Mann,  1961;  Christie 
et  al. ,  1955)*  It  forms  an  arcuate  east-west  trending  syn- 

clinorium  (125km  x  47km  )  overturned  to  the  north  and  trunca¬ 
ted  to  the  south  by  thrust  faults.  It  overlies  unconf ormably 
both  the  Bruce  River  Group  in  the  Stormy  Lake  Area  (Smyth 
and  Marten,  1975)  and  the  Letitia  Lake  Porphyry  south  of  Seal 
Lake  (Marten,  1975).  The  presumed  unconformity  along  its 
northern  contact  with  the  Harp  Lake  anorthosite  is  obscured 
by  drift,  however,  Roy  and  Fahrig  (1973)  have  pointed  out 
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that  its  aeromagnetic  pattern  can  be  traced  southwards 
under  the  Seal  Lake  Group  for  approximately  19  km  thus  sug¬ 
gesting  that  the  Seal  Group  is  relatively  thin  along  this 
margin . 

The  lower  part  of  the  Seal  Lake  Group  consists  of 
basal  conglomerate  intercalated  with  massive  quartzites  and 
mafic  volcanics  of  tholeiitic  composition  (Baragar,  1974). 

The  central  and  upper  parts  of  the  succession  consist  of  red 
and  white  quartzite  and  slate  with  minor  conglomerate  and 
carbonate.  Some  volcanics  occur  in  the  upper  formations 
associated  with  native  copper  which  Evans  (1952)  thought 
analogous  to  the  Keweenawan  area  of  Ontario.  Most  of  the 
succession  represents  continental  deposition  except  for  a 
thin  blaok  shale-dolomite  unit  near  its  centre  and  Baragar 
(1969)  and  Fahrig  (1957,  1959)  report  some  poorly  developed 

pillow  textures  indicating  subaqueous  deposition.  The 
metamorphic  grade  is  predominantly  prehnit e-pumpellyite 
facies  (Baragar,  1974)  except  in  the  south  where  it  increases 
to  greenschist  facies  due  to  the  proximity  of  the  Grenville 
Front.  Wanless  e t  a 1 . ,  (197^)  recently  dated  the  volcanic 

units  at  1323  —  92  Ma  using  the  Rb-Sr  method. 

The  area  has  been  folded  into  a  large  synclinorium , 
the  axial  trace  of  which  is  continuous  into  the  hinge  zone 
of  the  folded  Bruce  River  Group  further  to  the  east.  The 
folds  are  typically  overturned  to  the  north  and  dip  steeply 
towards  the  south.  Along  the  southern  margin  east-west 
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trending  thrust  zones  are  quite  common  with  slices  of 
granite  and  lower  formations  of  the  Seal  Group  thrust  over 
the  younger  members. 

Most  of  the  intrusive  rocks  in  the  area,  except 
for  sills  and  c^kes ,  are  pre-Seal  Lake  Group  in  age.  The 
Harp  Lake  Anorthosite  in  the  north  acted  as  a  buttress 
during  the  folding  of  the  area.  The  Letitia  Porphyry 
(Marten,  1975)  represents  the  epizonal  phase  of  a  larger 
pluton  to  the  south  which  has  been  cut  by  agpaitic  intrusions 
of  the  Red  Wine  Alkaline  Complex  (Currie  et  al. ,  1975). 

1.3.3  Economic  Geology 

The  Central  Mineral  Belt  contains  numerous  miner¬ 
al  occurrences  with  base  metals  and  uranium  being  the  most 
significant.  Evans  (1952)  compared  the  Seal  Lake  Area  with 
its  native-copper  showings  to  the  Keeweenawan  rocks  of  the 
Michigan  native-copper  district  and  Beavan  (195$)  recognized 
the  belt  as  a  "uraniferous  province.”  At  present  most  ex¬ 
ploration  being  conducted  is  directed  towards  uranium,  with 
Stormy  Lake,  Moran  Lake,  Kitts  Pond-Post  Hill  Belt,  Makkovik, 
and  Michelin-Burnt  Lake  areas  receiving  the  majority  of 
attention. 

Uranium  occurs  within  all  the  Proterozoic  groups 
discussed  under  regional  geology.  The  Aillik  Group  is  host 
to  the  Kitts,  Nash  and  Michelin  deposits  with  known  reserves 


*•  >-  ><  ! ■ 1  •** 


31 


of  11,000,000  lbs.  of  U50a  (McMillan,  1977),  in  addition 
to  numerous  other  occurrences  such  as  Inda,  Nash,  Gear 
and  Rainbow  (Gandhi,  197^)-  Uranium  mineralization  occurs 
in  either  meta-argillites  (i.e.  Kitts  Pond)  or  in  metar¬ 
hyolites  which  are  apparently  metasomatized  (i.e.  Michelin, 
Burnt  Lake)  with  mineralization  intimately  associated  with 
alkali  pyroxene  and  amphibole.  Robinson  (1956)  refers  to 
nineteen  discoveries  made  by  Brinex  during  the  1955  field 
season  in  the  Makkovik  area  within  granitized  sediments 
and  reported  assays  of  up  to  h%  U^Og  and  800  oz.  Ag/ton. 
Barua  (1969)  studied  the  association  U  —  Mo  in  pegmatitic 
dykes  cutting  metarhyolites  on  the  Makkovik  coast.  Uranium 
is  also  known  to  occur  along  fractures  and  shear  zones 
within  granites  in  the  vicinity  of  Walker  Lake  (Smyth,  1977) 
for  example,  the  Active  Pond  and  Elbow  Pond  showings 
(Gandhi  and  Guiton,  1975)  and  the  Walker  Lake  East  showing 
(Krajewski,  1975)-  These  occurrences  are  commonly  related 
to  shears  at  gran.it e-rhyolite  contacts,  especially  in  the 
Walker  Lake-Mustang  Lake  areas  (White,  1977). 

Although  no  significant  unaniferous  zones  have 
been  discovered  in  the  Moran  Group,  Bernazeaud( 1965 )  reports 
the  discovery  of  radioactive  dolomite  pebbles  in  the  con¬ 
glomerates  of  the  Ileggart  Lake  Formation.  The  author  feels 
that  this  group  merits  further  attention  in  the  continued 
search  for  uranium  and  this  will  be  discussed  in  this 
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thesis  (see  Chapters  5  and  7). 

Urnnif erous  horizons  occur  in  the  basal  member 
and  uppermost  member  of  the  Bruce  River  Group.  In  the 
Ileggart  Lake  conglomerate  uranium  is  found  in  the  basal 
section  in  the  Moran  Lake  area  (Smyth  and  Ryan,  1977;  Ryan, 
1977) •  At  Moran  Lake  uranium  is  found  in  sheared  conglom¬ 
erates,  volcanic  breccias  and  anorthositic  dykes,  and  in  the 
Brown  and  Ferguson  Lakes  area  in  sheared  conglomerates  and 
tuffaceous  sandstones,  commonly  associated  with  mafic  dykes. 
Numerous  uraniferous  showings  also  occur  in  acid  volcanics 
and  ignimbrites  in  the  uppermost  division  of  the  Bruce 
River  Group,  noteably  in  shear  zones  as  at  Madsen  Lake 
(Piche,  1955)i  Boundary  Lake  (Robinson,  1956;  Ryan,  197&)i 
and  Sylvia  Lake.  Grab  samples  from  these  localities  ranged 

from  0.1%  to  0.4%  U„0o  over  various  distances  but  indicate 

3  o 

that  ore  potential  is  there. 

The  Seal  Lake  Group  also  contains  uraniferous 
horizons,  noteably  in  its  basal  member,  the  Bessie  Lake  For¬ 
mation.  The  most  promising  locality  to  date  is  located  at 
Stormy  Lake  where  arkosic  conglomerates  unconf ormably  over- 
lie  Bruce  River  volcanics  and  vein-type  mineralization  occurs 
associated  with  quartz,  carbonate,  fluorite, chalcopyrite, 
hematite,  pyrite,  chalcocite,  and  native  silver  (Robinson, 

1956;  Smyth  and  Marten,  1975)- 

Although  uranium  has  received  the  most  attention 
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from  exploration  companies  other  metals  have  been  the  focus 
of  attention  in  the  past.  The  Seal  Lake  area,  with  over  250 
known  copper  showings  (Drummer  and  Mann,  1961),  was  the 
first  to  be  examined  in  detail  with  a  number  of  companies 
undertaking  projects  during  the  1950's.  The  Red  Wine  Alkaline 
Province,  located  south  of  Seal  Lake  and  forming  part  of  the 
Letitia  Porphyry  (Marten,  1975) ,  is  a  unique  beryllium  de¬ 
posit  explored  by  Kennco  Exploration  Ltd. ,  Frobisher  and  Rio 
Tinto  Canada.  Reserves  in  the  area  include  11,000  tons  per 
vertical  foot  of  material  averaging  0.35  -  0.40%  DeO  contin¬ 
uing  to  a  depth  of  200  feet  (Evans  and  Dijardin,  19&2)  and 
another  zone  of  gneiss,  2 , 400  feet  long  and  144  feet  wide  re¬ 
ported  to  average  0.24%  Nb  (Smyth  et  al. ,  1975).  Smyth 
(1977)  and  Ryan  (1977)  mentioned  abundant  pyrit e-pyrrhot ite 
bearing  gossan  zones  within  the  Moran  Group,  and  Ellingwood 
(1958)  d  escribes  a  lead-zinc  carbonate  showing  in  the  Moran 
Group  volcanics  located  on  the  north  shore  of  Moran  Lake. 


CHAPTER  2 


RUBIDIUM-STRONTIUM  DATING 

2.1  Introduction 

A  whole  rock  Rb/Sr  dating  program  to  study  five 
rock  suites  (two  intrusive  and  three  extrusive)  was  under¬ 
taken  to  supplement  the  regional  mapping  of  the  Central  Min¬ 
eral  Belt  completed  by  Smyth  et  al. ,  (1975 ),  Ryan  (1976,1978), 

Smyth  (1977)  and  Bailey  (1978),  where  ambiguity  still  re¬ 
mained  concerning  the  ages  of  particular  rock  suites.  The 
suites  selected  for  dating  included  the  Otter  Lake  Granite 
(Smyth  et  al. T  1975;  Ryan,  1978),  the  Bruce  River  volcanics 
and  its  equivalent  the  Minisinakwa  volcanics  (Smyth  et  al. , 
1975;  Ryan,  1978),  the  Aillik  volcanics  ( Watson-White ,  1976; 
Bailey,  1978)  and  the  Walker  Lake  Granite  (Smyth,  1977J 
Bailey,  1978;  Watson-White,  1976). 

Previous  relevant  radiometric  dating  completed  in 
the  Central  Mineral  Belt  is  summarized  in  table  3-  All  the 
Rb-Sr  ages  have  been  recalculated  using  a  decay  constant  of 
X  =  1.42  x  10  ^  yrs  ^  which  was  the  value  employed  during 
this  project  (Steiger  and  Jager,  1977)* 

2.2  Specimen  Collection 

Sample  collection  was  proceeded  with  only  after 
regional  mapping  of  the  particular  unit  of  interest  had  been 
completed.  In  each  case  an  attempt  was  made  to  collect  a 
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TABLE  3 


Method  Hock  ||  Age  (initial  ratio)  Source 


Rb-Sr 

Seal  Lake 

1323 

+ 

92 

Wanless  &  Loveridge 

Group 

.7035 

.0008 

(1978) 

Rb-Sr 

Red  Wine 

1345 

+ 

75 

Blaxland  &  Curtis 

Complex 

.7021 

+ 

•  .0103 

(1978) 

Rb-Sr 

Pet s  capiskau 

1525 

+ 

62 

Wanless  &  Loveridge 

Volcanics 

.7048 

+ 

.0006 

(1978) 

Rb-Sr 

Bruce  River 

1526 

+ 

44 

Wanless  &  Loveridge 

Volcanics 

.7038 

+ 

.0015 

(1972) 

K-Ar 

Walker  Lake 

1645 

+ 

46 (hornblende ) 

V’anless  &  Loveridge 

Granite 

1437 

4* 

36 (biot ite ) 

(1974) 

Rb-Sr 

Aillilc 

1676 

+ 

8 

Watson-White 

Volcanics 

.7041 

+ 

.0003 

(1976) 

K-Ar 

Hopedalc 

1728 

+ 

32(biotitc ) 

Gandhi  ct  al. 

Gneiss 

(1969) 

K-Ar 

Long  Island 

1832 

+ 

58 (hornblende 

Gandhi  et  al. 

Gneiss 

&  biotite) 

(1969) 

+  no  ^  value  reported. 

ff-  all  Rb-Sr  ages  calculated  using  A  =  1.42  x  10  yrs 
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suite  consisting  of  between  sixteen  and  twenty  simple  lo¬ 
cations  which  covered  the  widest  compositional  range  avail¬ 
able,  From  each  location  two  8  -  6  kg  samples  were  collec¬ 
ted  of  the  freshest  rock  available,  free  of  any  veining  (i.e. 
epidote,  carbonate,  quartz),  alteration,  fractures,  and  dis¬ 
tant  from  any  shear  zone. 

Sample  locations  for  each  of  the  five  suites  are 
given  in  Figures  3  to  5.  In  the  case  of  the  Walker  Lake 
and  Otter  Lake  Granites,  and  the  Aillik  and  Druce  River 
volcanics,  the  suites  collected  represent  a  small  percentage 
of  the  total  outcropping  area  of  the  respective  units.  In 
contrast  to  this  the  samples  of  the  Minisinakwa  volcanics 
represent  regional  collecting.  Each  of  these  methods  has 
its  own  merits  although  in  theory  both  should  provide  good 
isochrons  assuming  the  Rb/Sr  system  has  remained  closed  and 
undisturbed  since  the  time  the  rock  was  formed. 

2. 3  Sample  Preparation  and  Analytical  Procedure 

All  samples  collected  were  first  reduced  in  size 
to  approximately  1  kg  specimens  and  run  through  a  jaw 
crusher  several  times,  being  sure  to  wash  the  machine  be¬ 
tween  samples  to  prevent  contamination.  The  pulverized 
samples  were  then  quartered  and  enough  material  selected  to 
give  —10  oz  of  <200  mesh  size  rock  powder  after  crushing  in 
a  "Tema  Swing  Mill." 


Figure  5 


Geology  of  the  Walker  Lake-MacLean  Lake  Area  (after  Bailey, 

1978) 


Neohelikian : 

Massive  to 


to 


foliated  gabbro 


Aphebian-Helikian : 


Coarse-grained  porphyritic  and  massive  (hornblende) 
granite 


Medium-  to  coarse-grained  biotite  granite 
Fine—  to  medium— grained  leucogranite 


Aphebian : 

Upper  Aillik  Group 

EE]  Massive  feldspar  rhyolite  and  quartz  rhyolite; 
tuffaceous  sediment 

.'•'•I  Maroon,  grey,  green  tuffaceous  sediment 


Archean : 

y/1  Coarse-  to  fine-grained  foliated  granite 
Amphibolite,  migmatite 
Fault  or  shear  • 

Bedding  (tops  known;  tops  unknown)  .  . 

Igneous  banding  .....  . 

Gneissic  foliation  ...... 

Schistosity  ••••••... 

Anticline,  anticline  overturned 
Syncline,  syncline  overturned 
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Figure  4 

Geology  of  the  Ottor  Lake-Nipishish  Lake  Area  (after  Ryan 

and  Harris,  197B~? 


Neoholikian 

Seal  Lake  Group 


Bessie  Lako  Formation  conglomerate,  quartzite,  mafic 
volcanics 


U/C 


Elsonian  (?) 

Coarse-grained  gabbro 

PH  Fine-grained jbiotite— muscovite 

fP]  Otter  Lake  Granite;  raodium-  to 
hornblende  granite 


granite  and  aplite 
coarse-grained  biotite 


Paleohelikian 

Bruce  River  Group 

Andesite  flows;  tuffaceous  sediment 

Ignimbri t e  and  flows  of  acidic  composition 

1  j  Undifferentiated  volcanics  and  sediments  of  Bruce 
Lake  map  area  (see  Figure  5) 


Fault  or  shear 


Bedding  ... 
Igneous  banding 
Schistosity  . 


/ 

/ 

/ 
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Tho  rock  powders  were  run  on  a  Phillips  XRF  unit 
and  semi-quantitative  Rb  and  Sr  abundance  obtained.  Tho 
six  samples  in  each  suite  which  provided  the  most  favorable 
Rb/Sr  ratios  were  selected  for  dating.  These  rock  powders 
were  then  recrushed  in  the  "Toma  Swing  Mill"  to  ensure  a 
homogeneous  mixture  and  quartered  to  give  approximately  90  grams 
of  material  to  be  used  in  Rb-Sr  analysis  and  whole  rock  chem¬ 
istry. 


The  strontium  isotopic  composition  was  obtained  in 

the  following  manner:  A  sample  was  weighed  out  such  that  it 

8  6 

contained  approximately  20ug  Sr-N,  equivalent  to  tho  amount 

84 

of  Sr  contained  in  the  spike.  Into  the  teflon  beaker  con¬ 
taining  the  sample  was  added  the  spike  and  approximately  20 


-  or; 


25  cc  of  distilled  water  wash  and  the  mixture  then  evapor¬ 


ated  to  dryness.  The  residue  was  then  dissolved  in  a  mixture 
of  IIP  and  concentrated  UNO,,  (approximately  5  x  HNO^  =  IIP )  and 
then  evaporated  to  dryness.  The  residue  was  dissolved  three 
more  times  in  distilled  water  and  concentrated  IINO^ ,  saving 
the  solution  on  the  third  time  rather  than  evaporating  it  to 
dryness.  The  solution  was  then  transferred  into  a  silica 
centrifuge  tube  which  contained  three  drops  of  concentrated 
Ba(N0^)o  solution.  A  white  precipitate  of  Ba(N0„)o  formed 
which  also  coprccipitat cs  Sr  and  other  alkali  elements  with 
it,  thus  removing  Sr  from  the  solution.  After  centrifuging 


and  pouring  off  the  supernote  the  crystalline  white  precipi- 


- 
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tate  was  dissolved  in  a  minimum  of  distilled  water,  and 
concentrated  IINO^  added  to  promote  the  precipitation  of 
BaCNO^)^.  The  precipitation  was  repeated  two  times.  After 
completion  of  this  step  the  precipitate  was  dissolved  in 
0.5  nil  of  2.5  N  IIC1  and  run  through  an  anion  exchange  column 
to  separate  the  Sr  from  the  other  alkalis.  The  strontium 
was  loaded  on  a  doubly  rhenium  filament  as  a  chloride  and  run 
on  a  Micromass  30  mass  spectrometer  by  Dr.  H.  Baadsgaard, 
University  of  Alberta. 

The  rubidium  isotopic  composition  was  obtained  in 
the  following  manner.  Based  on  preliminary  Rb  contents 
obtained  from  XRF  results,  an  aliquot  of  sample  containing 
approximately  20  Jig  of  Rb  was  weighed  into  a  platinum 
crucible.  To  this  was  added  the  Rb  spike,  5  drops  of  con¬ 
centrated  II^SO^,  5  nil  demineralized  water,  and  5  ml  vapor 
distilled  HF.  The  dish  was  heated  until  the  sample  was 
completely  decomposed.  After  evaporating  the  spiked  sample 
solution  to  dryness,  the  HoS0^  was  funed  off  on  a  hot  plate 
and  the  residue  ignited  at  ca.  900°C  for  20  -  30  minutes. 
Approximately  0.3  ml  of  demineralized  water  was  added  to  the 
residue  and  the  leach  poured  into  a  glass  centrifuge  tube  to 
which  was  added  a  few  drops  of  concentrated  HCIO^  which  pro¬ 
moted  the  precipitation  of  (K.IUOCIO^.  The  white  precipitate 
was  washed  with  demineralized  water  and  then  dissolved  with 
a  few  drops  of  the  same  water.  The  perchlorate  solution  was 
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loaded  directly  onto  a  rhenium  filament  and  run  by  W.  Day 
on  a  Nier  type,  6-inch,  60°-  sector  mass  spectrometer  equip¬ 
ped  with  facilities  for  peak  switching  between  pre-set  magnet 
positions  and  a  digital  print  out. 

2.4  Treatment  of  Data 

The  constants  employed  in  calculating  Rb-Sr  dates 
were  86/88  Sr  (atomic)  =  0.1194  and  "/ ( ^Rb )  =  1.42  x  lO*"11 
yrs  (Steiger  and  Jager,  1977).  The  maximum  analytical 

errors  for  individual  analyses  were:  ^Rb/^Sr  -  0.5%  and 
^Sr/  Sr  —  0.004.  Duplicate  determinations  performed  on 
six  samples  for  ^Sr/^Sr,  table  4,  indicate  a  standard  devi¬ 
ation  of  -  .002  for  five  of  the  samples  and  +  ^  _ 

-  .0159  for  the 

sixth  sample  (ler  for  single  repeat).  Whole  rock  Rb-Sr  iso¬ 
chrons  were  computed  using  an  APL  Program  MRF3SRIS0CHR0NM 
written  by  Dr.  Baadsgaard  and  based  upon  the  method  of  least 
squares  regression  for  a  straight  line  of  York  (1966)  and 
McIntyre  et  al. ,  (1966).  The  data  are  given  in  Table  5  and 

the  resultant  isochrons  are  presented  in  F igures  6  to  11. 

All  plots  have  a  Mean  Square  Weighted  Deviant  (MSWD)  value 
greater  than  2.5  »  implying  that  the  deviation  of  the  points 
from  linearity  is  greater  than  can  be  attributed  to  analyti¬ 
cal  error  (McIntyre  et  al.,  1966). 
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TABLE  4 

Replicate  Strontium  Determinations 


Sample 

87„  .86,,  .  .  .  . 

Sr/  Sr  (atomic) 

A 

Original 

Rerun 

br-8 

1. 6778 

1.6947 

O.OI69 

BR-5 

1.0238 

1.0240 

0.0002 

W-8 

0.7758 

0.7744 

0.0006 

MZ— 4 

0.7516 

0.7516 

0.00007 

M— 3.2 

0.8840 

0.8866 

0.0026 

MV -5 

1.2269 

1.2266 

0.0003 

TABLE  5 
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Sample 

Rb  ppm 

Sr  ppm 

87  ,86  ,  ,  .  . 

Sr/  Sr  (atomic) 

87„.  ,86^  , 
Rb/  Sr  (a 

W-13 

185 

76 

.8496 

7.0369 

W-l6 

244 

57 

.  9862 

12.3500 

W-ll 

219 

67 

.9281 

9.4411 

w-8 

210 

225 

.7757 

2.6959 

w-7 

120 

541 

.  7166 

0.5908 

W-9 

256 

59 

.9808 

12.5753 

MV— 1 

189 

44 

.9826 

12.3169 

MV— 3 

172 

32 

1.0535 

15.6733 

MV -4 

180 

55 

.9113 

9.5624 

MV— 5 

l6l 

18 

1. 2298 

26.0034 

MV- 6 

278 

174 

.8125 

4.6158 

MV- 9 

189 

256 

.7528 

2.1381 

MZ-10 

173 

277 

.7444 

1.0047 

MZ-4 

185 

245 

.7539 

2.1870 

MZ-7 

190 

194 

.7697 

2.8367 

MZ-9 

188 

210 

.  7608 

2.5844 

MZ-1 

l6l 

327 

.7399 

1.4245 

MZ-14 

162 

133 

.7807 

3.5031 

M— 1 

159 

42 

.9773 

10.8233 

M-2 

198 

35 

1. 1464 

17.4695 

m-4 

217 

43 

1.0749 

14.6496 

M-7 

154 

78 

.8463 

5.7150 

M-9 

13 

34 

.7305 

1.0858 

M— 12 

178 

67 

.8853 

7.6553 

BR-1 

194 

23 

1. 240 6 

24.7364 

BR-5 

250 

46 

1.0269 

15.7797 

BR-7 

207 

31 

1.1387 

19.3936 

BR-8 

184 

13 

1. 6822 

42.3760 

BR-9 

204 

66 

.  8920 

8.9604 

BR-14 

71 

516 

.7117 

.3945 

tomic ) 
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Figure  6 

Rb-Sr  isochron  plot  of  the  Aillik  Group  volcani 
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Figure  7 

Rb-Sr  isochron  plot  of  the  Otter  Lake  Granite 


Bruce  River  Volcanics 
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Figure  & 

Pb— Sr  isochron  plot  of  the  Bruce  River  Group  volcanics 
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Figure  9 

Pb-Sr  isochron  plot  of  the  Minisinakwa  volcanics 
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Figure  1 1 

Rb-Sr  isochron  plot  of  the  Walker  Lake  Granite 
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2.5  Geology  of  the  Study  Areas 

The  rock  suites  included  in  the  Rb-Sr  geochrono- 
logical  study  fall  into  three  regional  geographic  areas, 
namely;  the  Walker  Lake  Area,  the  Otter  Lake-Nipishish  Lake 
Area,  and  the  Bruce  Lake  area.  The  respective  geology  of 
these  three  areas  will  be  described  separately  below. 

2.5-1  Walker  Lake  Area 

Sample  collection  of  the  Aillik  Group  Volcanics 
and  the  Walker  Lake  Granite,  Figure  3»  were  carried  out 
east  of  Walker  Lake.  The  regional  geology  of  the  area, 
Figure  5,  has  been  mapped  by  Stevenson  (1970),  Williams 
(1970),  Smyth  (1977) »  Wats  on -Whit  e  (1976),  and  Bailey 
(1978). 

A  large  area  underlain  by  granite  extending  from 
south  of  Yvon  Lake  to  east  of  Walker  Lake  separates  the 
Aphebian  Aillik  Group  to  the  east  from  the  Aphebian  Moran 
Group,  Paleohelikian  Bruce  River  Group  and  Archean  basement 
rocks  to  the  west.  The  Aillik  Group  within  the  study  area 
consists  of  f els ic  rocks  of  volcanic,  volcaniclast ic  or  pyro¬ 
clastic,  tuffaceous,  and  ignimbritic  origin.  Bailey  (1978) 
describes  these  different  lithologies  within  the  Walker 
Lake-McLean  Lake  Area  and  also  Archean  rocks  crop  out 
northeast  of  Walker  Lake  which  may  represent  the  basement 


. 
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upon  which  the  Aillik  Group  was  deposited.  Both  Bailey 
(1978)  and  Smyth  (1977)  have  observed  the  Walker  Lake 
Granite  cutting  Aillik  Group  volcanics  and  sediments  at 
the  east  end  of  Walker  Lake. 

In  the  northwestern  part  of  the  map  area  green¬ 
stones,  migmatites  and  gneissic  rocks  of  Archean  age  crop 
out  (Ryan,  1977).  The  Apheb  ian  Moran  Group,  consisting 
of  slates,  dolostones,  and  mafic  volcanics,  unconf ormably 
overlies  the  older  basement  rocks  (Ryan,  1977)  and  outcrops 
in  a  15  -  20  km  long,  sinuous  belt  stretching  from  Stipec 
Lake  eastwards  to  Del  Rizzo  Lake.  The  Paleohelikian  Bruce 
River  Group  (Smyth  et  al. ,  1975)  outcrops  to  the  north  and 
west  of  Stipec  Lake  and  consists  of  a  basal  conglomerate  and 
sandstone  unit,  a  middle  tuffaceous  unit,  and  an  upper  felsic 
volcanic-ignimbritic  unit.  Both  Ryan  (1977)  and  Smyth  (1977) 
have  observed  hornfelsing  of  tuffaceous  sediments  of  the  Bruce 
River  Group  and  Smyth  (1977)  has  also  reported  granitic  dykes 
cutting  the  sediments. 

The  granitic  terrain  in  the  map  area  has  been 
divided  into  numerous  phases  mappable  on  a  regional  scale. 

The  oldest  is  an  undifferentiated  granite  (unit  5,  Smyth, 

1977)  which  displays  a  strong  foliation  and  is  overlain 
unconf ormably  by  tuffaceous  sediments  of  the  Bruce  River 
Group  north  of  Stipec  Lake.  A  leucogranite  outcropping 
northwest  of  Stipec  Lake  is  considered  to  be  of  Aphebian 


age  by  Smyth  (1977;  unit  6)  on  the  basis  of  structural 
data,  however,  Ryan  (1978;  unit  13)  considers  the  same 
granite  to  be  an  extension  of  the  Otter  Lake  Granite 
further  to  the  west.  The  Walker  Lake  Granite,  underlying 
most  of  the  southern  area  from  Walker  Lake  westwards  to 
Yvon  Lake,  consists  of  two  or  three  (?)  recognizable  phases 
(Smyth,  1977;  Bailey,  1978).  These  are  a  (i)  fine-  to 
medium-grained  leucogranite  and  quartz  monzonite,  (ii)  a  med¬ 
ium-  to  coarse-grained,  grey  and  pink  biotite  granite, 
biotit  e-liornblende  granite  and  granodiorit  e ,  and  (iii) 
possibly  an  undefined  potassic  granite.  Generally  the 
Walker  Lake  Granite  is  a  pink  to  grey  rock  containing  10  - 
15%  biotite  and  hornblende,  often  altered  to  chlorite,  and 
varying  proportions  of  K-feldspar  and  plagioclose.  It  varies 
from  undeformed  to  strongly  foliated  where  shear  zones  are 
present.  The  age  relations  of  the  different  phases  relative 
to  each  other  is  not  known  although  Bailey  (1978)  suspects 
that  they  may  be  gradational.  Other  intrusives  in  the  area 
include  a  megacrystic  granite  outcropping  northwest  of 
Walker  Lake  and  intrusive  into  the  Walker  Lake  Granite,  and 
in  the  south  a  few  plugs  of  gabbroic  material  outcrop  form¬ 
ing  part  of  the  Michael  Gabbro  (Fahrig  and  Larochelle, 

1972). 

Petrography  of  the  Walker  Lake  Granite 

Six  specimens  of  the  Walker  Lake  Granite  were 
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examined  in  thin  section,  these  were  from  the  same  rock 
samples  used  for  radiometric  dating. 

In  hand  specimen  (total  of  fourteen  different 
samples)  the  Walker  Lake  Granite  is  a  medium-grained, 
leucogranite  consisting  of  essentially  two  different  phases. 
Immediately  north  of  Walker  Lake  it  contains  approximately 

5  -  10%  biotite,  10%  quartz,  40  -  45%  K-feldspar,  and  40% 
plagioclase.  The  amount  of  biotite  may  increase  locally, 
especially  where  a  fabric  is  developed.  The  plagioclase, 
usually  a  greenish  color  due  to  alteration  to  cpidote,  and 
K-feldspar  are  noticeably  coarser  than  the  rest  of  the  rock. 
In  particular,  the  K-feldspar  may  appear  as  phenocrysts  up 
to  15  mm  in  size  compared  to  the  average  grain  size  of  4  - 

6  mm;  it  also  displays  a  well  developed  zoning  easily  dis¬ 
tinguished  in  hand  specimen.  The  quartz  varies  from  a 
smokey  grey  to  a  blue  color  and  even  in  hand  specimen  can 
be  seen  to  form  aggregates  rather  than  single,  large 
crystals  thus  suggesting  recrystallization.  In  one  local¬ 
ity  3  -  6  cm  size  inclusions  of  diorite  were  contained 
within  a  monzonite  phase  of  the  granite. 

The  second  phase  which  was  collected,  a  medium- 
grained  leucogranite,  outcrops  southeast  of  Walker  Lake  and 
consists  of  quartz  30%»  K— feldspar  50  —  60%,  plagioclase 
10%,  and  biotite  5%.  The  color  may  vary  towards  pinkish 
depending  on  the  presence  of  either  white  or  pink  feldspar. 


< 
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The  texture  is  medium-grained,  equigranular  with  no  pheno- 
crysts  of  either  plagioclase  or  K-feldspar  noted.  The  plagio- 
clase  may  again  be  a  greenish  color  due  to  alteration  to 
epidote  and  the  quartz  was  noted  to  form  aggregates  rather 
than  large,  single  crystals.  Locally  a  fabric  may  be  devel¬ 
oped  due  to  shearing,  a  common  feature  in  the  area  (Bailey, 
1978). 

Modal  analyses  of  six  specimens  examined  in  thin 
section,  Table  b,  reflect  the  compositional  difference  be¬ 
tween  the  two  phases,  Figure  12;  a  potassi  rich  phase  and 
a  quartz  monzonite.  Specimen  W-8  has  been  invaded  by  veined 
(?)  quartz  biasing  its  position  in  the  quartz-rich  portion 
of  the  granite  field  rather  than  placing  it  in  the  quartz 
monzonite  field. 

In  thin  section  the  rocks  show  a  hypidiomorphic 
granular  texture,  sometimes  bordering  on  allotriomorphic 
granular  or  porphyritic.  No  fabric  was  observed  in  thin 
section,  however,  other  evidence  suggesting  a  past  history 
of  deformation  was  observed.  Major  mineral  phases  present 
in  decreasing  order  of  abundance  are  orthoclase,  perthitic 
orthoclase,  microcline,  microperthit e ,  quartz  and  plagio¬ 
clase  with  minor  biotite,  muscovite,  hornblende,  opaques, 
and  accessory  minerals  of  sphene,  apatite,  zircon,  fluorite, 
epidote  and  garnet. 

Quartz  occurs  either  as  a  coarse  anhedral  phase 
intergrown  with  the  feldspar  and/or  as  part  of  a  quartzo- 
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TABLE  6 


Walker 

Lake  Granitoids 

W-7 

W-9 

V-ll 

W-l6 

w-8 

w-15 

plagioclase 

33 

16 

13 

8 

10 

8 

quartz 

16 

25 

35 

33 

50-65 

20-25 

feldspar 

47 

58 

50 

58 

35-40 

65.70 

biotit e 

3 

- 

CO. 5 

1 

0.5 

<0.5 

Muscovite 

- 

<0.5 

<0.5 

- 

- 

- 

opaques 

.5 

- 

0.5 

- 

- 

- 

chlorite 

.5 

l 

tr. 

- 

- 

0.5 

accessory 

tr. 

tr. 

<0.5 

tr. 

— 

— 

60% 


59 


$ 


CvJ 

4> 

w 

3 

O' 

il 


o 


ary  diagram  plot  (quartz-K-feldspar-plagioclase)  for 
:er  Lake  and  Otter  Lake  Granites 
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f cldspnthic ,  fine-grained  crystalline  aggregate  which  ap¬ 
pears  to  have  formed  as  a  result  of  recrystallization  of 
larger  orthoclase  crys t als  „  with  muscovite  also  developed  in 
the  process.  In  the  former  case  the  larger  grains  show 
both  straight  and  embayed  grain  boundaries  with  adjoining 
orthoclase  and  plagioclase  grains  and  in  a  few  instances 
granophyric  int ergrowth  with  orthoclase  was  observed 
(myrmekite).  In  the  latter  quartz  is  either  body  embayed 
or  shows  a  well  developed  granoblastic  polygonal  texture 
and  in  both  cases  undulose  extinction  is  present.  Specimen 
W-8  shows  best  the  development  of  the  granulated  texture  be¬ 
lieved  to  have  resulted  from  metamorphism.  The  coarser 
quartz  grains  have  inclusions  of  sericite  and  rutile  whereas 
the  finer  grained  phases  are  free  of  inclusions. 

Orthoclase  occurs  either  as  equidimensional,  coarse, 
subhedral  grains  or  finer-grained,  anhedral  grains  in  a 
quartzo-f eldspathic  granular  aggregate.  Grain  boundaries 
are  well  preserved  but  in  numerous  instances  grains  are 
rimmed  by  a  fine  aggregate  of  quartz  and  K-feldspar  -  muscovite. 
In  some  sections  (i.e.  perpendicular  to  the  X-axis)  two  well 
developed  cleavages  could  be  seen,  their  development  perhaps 
related  to  deformation.  No  zoning  was  observed  and  carlsbad 
twinning  was  rarely  seen.  Perthitic  growth  is  common  with 
the  varieties  observed  being  string  and  vein  perthite.  Un¬ 
dulose  extinction  is  common  in  most  grains. 
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Microcline  micropcrthi t c  is  the  most  abundant 
constituent  of  some  sections  and  occurs  as  large,  equi- 
dimensional  subhedral  to  anhedral  grains.  The  exsolution 
texture  is  commonly  string  perthite  with  lesser  amounts  of 
vein  and  broad  perthites.  Poikiolitic  inclusions  of  seri- 
cite  are  common  but  not  ubiquitous. 

Plagioclase,  a  calcium-rich  oligoclase  variety(An  ) 

Zb 

occurs  as  large  euhedral  to  subhedral  tabular  crystals 
twinned  by  the  albite,  carlsbad  and  pericline  laws.  In  some 
cases  borders  have  been  badly  corroded  by  later  stage  forma¬ 
tion  of  orthoclase  and  myrmekite  development  was  observed  a 
few  times.  Alteration  to  green  epidote  is  ubiquitous  and  in 
some  instances  up  to  30%  of  the  grain  may  be  affected.  Bent 
twin  lamellae,  fractured  grains,  and  undulose  extinction 
are  all  common  and  finely  scaled  oscillatory  zoning  was  ob¬ 
served  in  a  few  instances. 

Biotite(sageniti<^  is  the  main  mafic  mineral  present 

2  + 

and  is  a  greenish  brown  variety  owing  its  color  to  Fe  and 
low  Ti  +  Fe5+  (Heinrich,  1965).  It  is  anhedral  to  subhedral 
in  shape  and  is  usually  badly  corroded  and  variably  altered 
to  chlorite.  Euhedral  muscovite  can  be  seen  to  cut  across 
earlier-formed  biotite.  Inclusions  of  zircon  and  sphene  are 
quite  common,  forming  along  the  cleavage  direction.  Associa¬ 
ted  with  biotite  clusters  are  accessory  euhedral  to  subhed¬ 
ral  sphene  and  almandine  garnet. 

Hornblende,  where  it  was  observed,  occurs  as 
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remnant  cores  in  chlorite  .and  biotite  and  never  as  separate, 
solitary  grains.  It  shows  a  strong  green  pleochroism  and 
exhibits  its  120°  cleavage  pattern.  Hornblende  was  gener¬ 
ally  minor  although  it  may  have  originally  accounted  for  a 
higher  modal  content  of  the  granite  before  subsequent  al¬ 
teration. 

Aillik  Volcanics  -  Petrography  of  Samples  Collected  from 

Michclin  Ridge 

Six  thin  sections  of  the  Aillik  volcanics  were 
examined  petrographically ,  these  were  from  the  some  rock 
samples  used  for  radiometric  dating. 

In  hand  specimen  (total  of  15  different  locations) 
the  Aillik  volcanics  are  quartz-feldspar  porphyries  of  maroon 
color  exhibiting  textures  indicative  of  an  ignimbritic  or 
nuee  ardente  origin  (Ross,  i960).  They  lack  any  well  devel¬ 
oped  fabric  but  show  evidence  of  having  undergone  deforma¬ 
tion.  Veinlets  of  epidote  can  be  seen  randomly  cutting 
through  outcrops.  The  phenocrypts  of  quartz  (2-3  mm)  and 
feldspar  (3  -  5  mm)  commonly  compose  15  ”  20%  of  the  rock 
with  quartz  usually  two  to  three  times  more  abundant  and 
characterized  by  its  blue  color  and  elliptical  shape.  The 
feldspar  is  typically  tabular  in  shape  and  shows  no  signs 
of  alteration. 

in  thin  section,  the  rock  consists  of  variable 
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proportions  of  quartz,  feldspar,  microclinc  and  plagioclase 
phenocrysts  in  a  recrystallized,  microcrystalline  quartz 
and  feldspar  matrix  with  accessory  epidote,  sphene,  chlor¬ 
ite,  and  sericite  with  coarser  lenses  of  quartz  and  feld¬ 
spar  which  show  eutaxit ic-like  texture,  probably  recrystal¬ 
lized  shards  of  pumice. 

The  quartz  phenocrypts  occur  in  a  variety  of 
forms  from  euhedral,  six-sided  cross-sections  to  elliptical 
shaped  aggregates  of  finer — grained  quartz  with  well  devel¬ 
oped  triple  points.  Undulose  extinction  is  common  to  all 
the  grains  as  are  inclusions  of  rutile,  sericite,  and  some 


apatite. 


K-fbldspars  vary  from  euhedral,  unaltered  pheno¬ 


crysts  of  orthoclase,  perthitic  orthoclase,  microcline  and 
chessboard  albite  to  subhedral  and  badly  fractured  and  cor — 
roded  grains.  Alteration  of  feldspar  to  sodium  plagioclase 
(metasomatism  ?),  sericite  and  occasionally  carbonate  occurs 
although  it  is  sometimes  patchy  and  not  pervasive. 

Plagioclase,  An27“3/l»  is  subhedral  to  euhedral, 
very  fresh,  and  is  twinned  by  the  albite  and  pericline  laws. 
Bent  lamellae  and  undulose  extinction  are  present  hut  not 
ubiquitous.  In  one  case  a  large  plagioclase  grain  (6-7  mm) 
was  badly  fractured  and  invaded  by  the  matrix. 

The  matrix  consists  of  a  microcrystalline  aggre¬ 
gate  of  quartz  and  feldspar  with  coarser  lenses  of  the  same 
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material  where  pumiceous  fragments  have  recrystallized. 

The  texture  of  the  matrix  could  be  described  as  fine¬ 
grained  granular  with  good  development  of  triple  points  in¬ 
dicating  recrystallization.  In  one  slide  (M-7)  up  to  2%  epi- 
dote  was  present  in  thin  bands  parallel  to  the  rock  fabric 
and  recrystallized  pumice  shards.  Magnetite  may  compose 
up  to  2°o  of  the  groundmass  either  as  irregular-anhedral 
grains  or  cubes. 

All  thin  sections  indicated  relatively  fresh, 
unaltered  felsic  volcanics  except  for  M-12  which  shows  notice 
able  alteration  of  both  the  phenocrysts  phase  and  the  matrix 
Alteration  is  primarily  sericite,  kaolinite,  epidote  and 
carbonate  although  in  hand  specimen  this  cannot  be  discerned, 

2.5.2  The  Otter  Lake  -  Nipishish  Lake  Area 

Sample  collection  of  the  Otter  Lake  Granite  was 
carried  out  west  of  Otter  Lake,  Figure  4,  and  for  the  Minis- 
inakwa  volccinics  between  Otter  Lake  and  Nipishish  Lake, 
figure  4.  The  regional  geology  of  the  area  is  included  in 
the  maps  of  Fahrig  (1959) »  Smyth  ct  al. ,  (1975  ),  and  Ryan 
(1978). 

The  map  area  consists  of  two  major  units;  the 
Otter  Lake  Granite  and  the  Minisinakwa  volcanics.  The  latter 
is  an  informal  name  applied  to  volcanic  rocks  of  the  Paleo- 
helikian  Bruce  River  Group  found  south  of  the  Gravelly  River 
Shear  Zone  around  Lake  Minisinakwa. 
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The  Minisinakwa  volcanics  correspond  to  the  uppermost  divis¬ 
ion  of  the  Bruce  River  Group  and  consist  of  dacite  and 
rhyodactites ,  which  are  generally  porphyritic  in  texture 
with  feldspar  dominating,  although  small  quartz  eyes,  blue 
in  color,  arc  sometimes  present.  Intercalated  with  them 
are  thin  units  of  lapilli  tuff  and  crystal  tuff,  volcanic 
breccia  and  tuffaceous  sandstone.  Porphyritic  andesite 
and  poorly-  to  well-banded,  mafic  to  intermediate  tuffs  also 
form  local  mappable  horizons  (Ryan,  1978). 

The  Otter  Lake  Granite  underlies  most  of  the  map 
area  east  of  Otter  Lake  and  forms  an  extensive  batholith 
stretching  eastwards  to  Stipec  Lake  suggesting  its  equival¬ 
ence  to  the  Walker  Lake  Granite.  It  is  typically  a  medium- 
to  coarse-grained  biotit e-hornblende  granite  or  monzonite 
with  minor  phases  of  leucogranitc  and  diorite.  It  is 
variably  altered  with  completely  fresh  specimens  rarely  seen, 
and  displays  a  local  fabric  commonly  associated  with  shear 
zones.  It  shows  intrusive  relations  into  the  Minisinakwa 
volcanics . 

West  of  Nipishish  Lake  a  fine-grained,  foliated 
muscovite-biotite  granite  and  aplite  outcrop.  West  of  Katy 
Lake  the  aplitic  phase  was  seen  cutting  the  Otter  Lake  Gran¬ 
ite.  In  the  south  of  the  map  area  coarser  grained  gabbroic 
dykes  outcrop  as  part  of  a  northeast-southwest  extending 
sinuous  body.  A  klippen  of  this  rock  is  found  northwest  of 
Nipishish  Lake  (Ryan,  1978). 
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Petrography  of  the  Otter  Lake  Granite 

Six  thin  sections  of  the  Otter  Lake  Granite  were 
examined  petrographically ,  these  were  from  the  same  rock 
samples  used  for  radiometric  dating. 

in  hand  specimen  (total  of  15  different  locations) 
the  Otter  Lake  Granite  is  a  medium-  to  coarse-grained,  leu- 
cocratic  to  pink  monzonite  or  quartz  syenite  consisting  of 
5  —  10/6  quartz,  10?6  biotit e,  40  -  60%  pink  or  white  K-feldspar 
and  25  -  40%  plagioclase.  The  plagioclase,  sometimes  a 
greenish  color  due  to  alteration  to  epidote,  and  K-feldspar 
which  also  shows  alteration,  are  either  equigranular  with 
respect  to  the  rest  of  the  rock  or  form  distinctly  larger 
crystals  up  to  6  -  8  cm  in  size.  In  the  latter  case  zoning 
of  these  larger  crystals  can  be  seen  in  hand  specimens.  The 
quartz  is  usually  a  smokey  grey  variety  and  occurs  as  aggre¬ 
gates  of  finer  grains  rather  than  single,  coarser  grains. 

Minor  amounts  of  pyritc  occur  associated  with  locally  devel¬ 
oped  clusters  of  biotite.  No  fabric  is  present  although  on 
a  regional  traverse  the  granite  may  grade  into  an  augen  gneiss 
variety  where  shear  zones  are  developed  (i.e.  south  of  Otter 
Lake).  Fine-grained,  aplitic  dykes  can  be  seen  cutting  the 
host  granite,  the  best  example  of  this  phenomenon  occurring 
west  of  Katy  Lake. 

Modal  analysis  of  the  six  specimens  examined  in 
thin  section,  liable  7i  are  plotted  on  a  ternary  diagram, 
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figure  12,  and  show  the  alkalic  nature  of  the  granite.  In 
thin  section  the  rock  shows  a  hypid  iotnorphic  to  idiomorphic, 
granular  texture  with  porphyritic  varieties  due  to  granula¬ 
tion  of  the  matrix  leaving  remnant  crystals  of  feldspar  and 
plagi oclas e .  A  granular  texture  of  fine-grained  K-feldspar 
quartz  -  muscovite  or  sericite  occurs  between  orthoclase  and 
quartz  or  other  orthoclase  grains.  In  some  instances  this 
texture  (i.e.  MZ-14)  may  comprise  20  -  30%  of  the  thin 
section.  The  major  mineral  phases  present  in  decreasing 
order  of  abundance  are  orthoclase,  perthitic  orthoclase, 
plagioclase,  quartz,  microcline,  and  microcline  microper— 
thite,  minor  amounts  of  biotite,  chlorite,  and  hornblende 
and  accessory  sphene,  epidote,  magnetite,  apatite,  zircon  and 
fluorite. 

Orthoclase  is  the  main  mineral  phase  present,  oc¬ 
curring  as  coarse,  equidimensional  subhedral  grains  some¬ 
times  showing  euhedral  outlines  especially  in  zoned  crystals. 
It  also  occurs  as  a  fine-grained  recrystallized  phase  inter- 
grown  with  quartz.  Alteration  to  sercite  and  a  fine,  dirty 
brown  material  (kaolinite  ?)  is  common;  this  process  is  some¬ 
what  selective  and  only  the  core  of  the  grain  or  particular 
zones  are  altered.  Granophyric  intergrowths  with  quartz 
was  observed  a  few  times.  Perthitic  orthoclase  also  occurs 
with  the  perthite  developed  as  a  string  or  vein  type. 

Plagioclase,  An  26-29*  occurs  as  subhedral  to 
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euhedral  grains  and  in  varying  degrees  of  alteration  to  epi- 
dote  and  sericite-  Twinning  follows  the  albite  and  carlsbad 
laws  and  infrequently  pericline  twinning  occurs.  Bent  twin 
lamellae  and  undulose  extinction  are  fairly  common. 

Quartz  occurs  mainly  as  aggregates  of  anhedral 
fine-  to  medium-grains  formed  from  the  recrystallization  of 
coarser  quartz  grains.  Undulose  extinction  is  ubiquitous 

and  inclusions  of  rutile  in  the  coarser  grains  were  fre¬ 
quently  observed. 

Biotite,  a  brown  green  sagenitic  variety,  occurs 
as  subhedral,  rarely  euhedral,  flakes  in  clusters  replacing 
hornblende  and  itself  being  altered  to  chlorite.  Inclusions 
of  apatite,  zircon,  and  sphene  are  common  forming  along 
cleavage  partings.  Where  chlorite  is  replacing  biotite, 
rutile  occurs  as  inclusions  in  the  former. 

Euhedral  to  anhedral  sphene,  up  to  4  mm  in  size, 
occurs  mainly  as  wedge  shaped  crystals  with  a  distinct 
reddish  brown  pleochroism.  Where  it  occurs  as  inclusions 
in  associated  brown-green  biotite,  radioactive  haloes  are 
common . 


Petrography  of  the  Minisinakwa  Volcanics 

Five  thin  sections  of  the  Minisinakwa  volcanics 
were  examined  petrographically ,  frcm  the  same 
rock  samples  used  for  radiometric  dating. 


70 


In  hand  specimen  (total  of  15  different  locations) 
the  Minisinokwn  volcanics  vary  from  massive,  buff  and  purple 
colored  rhyolites  frequently  containing  quartz  eyes  (1-3%) 
and  euhedral  K-feldspar (5-20%)  ,  to  hornblende  andesites.  The 
rhyolites  may  be  of  a  massive  variety  or  sometimes  are 
quartz  sercitc  schists  with  or  without  chlorite.  In  some 
instances  textures  indicative  of  an  ignimbritic  origin 
could  be  discerned.  The  andesites  are  typically  dark  green 
in  color  and  may  contain  phenocrysts  (2-4  mm)  of  plagioclase 
and/or  hornblende.  The  only  visible  signs  of  alteration  of 
the  volcanics  is  a  greenish  (epidote  ?)  tinge  on  the  feld¬ 
spars  . 

In  thin  section  the  rocks  consist  of  variable 
amounts  of  quartz,  K-feldspar ,and  plagioclase  phenocrysts 
(section  of  hornblende  andesite  was  not  available)  in  a 
microcrystalline,  quartzo-f eldspathic  matrix.  The  matrix  is 
occasionally  recrystallized  and  contains  additional  minor 
amounts  of  muscovite  and  biotite,  and  accessory  garnet, 
epidote,  carbonate,  fluorite  and  zircon. 

Quartz  phenocrysts  are  usually  void  of  inclusions, 
anhedral  in  shape,  exhibit  undulose  extinction,  ore  partially 
recrys tollizcd  to  a  finer-grained  aggregate  of  quartz  and  arc 
cut  by  fractures.  In  some  cases  they  ore  enveloped  by  flow 
banding  consisting  of  recrystallized  pumiceous  shards  com¬ 
posed  of  quartz  and  feldspar  and  exhibiting  a  granoblast ic , 
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polygonal  texture. 

Plagioclas e  (An  26-28)  crystals  are  subhedral 
to  euhedral  in  habit  and  of  tabular  shape.  Their  cores 
are  frequently  in  various  stages  of  replacement  by  epidotc 
and  are  rimmed  by  a  finer  grained  aggregate  of  quartz, 
feldspar,  muscovite  and  biotite.  They  are  invariably  orien¬ 
tated  so  that  their  long  axis  is  parallel  to  both  the 
fabric  (if  present)  and  igneous  banding. 

K-feldspar  crystals  vary  from  euhedral  to  anhedral 
and  may  be  clear  to  intensely  altered  to  fine-grained  white 
mica  or  kaolikite.  Their  habit  varies  from  rectangular  to 
cubic  with  the  former  more  predominant.  As  with  the  plagio- 
clase  they  may  be  bordered  by  a  finer-grained  aggregate  of 
quartz  and  feldspar  with  lesser  biotite  and  muscovite. 
Sometimes  portions  of  individual  K-feldspar  grains  are  par¬ 
tially  replaced  by  albitic  plagioclase,  possibly  an  alter¬ 
ation  syncont empornneous  with  deposition  of  the  volcanics 
(Scott,  1971). 

The  matrix  consists  predominantly  of  quartz  and 
feldspar  and  is  usually  granoblastic  polygonal  in  texture. 

A  slight  lepidioblastic  fabric  is  defined  by  biotite  and 
muscovite  which  also  parallels  remnant  igneous  banding.  In 
one  section  (M-3)  some  grains  of  euhedral  almandine  garnet  were 
observed,  but  whether  these  are  of  metamorphic  or  primary 
igneous  origin  was  not  resolved. 
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2.5.3  The  Bruce  River  Area 


Samples  of  the  Bruce  River  volcanics  were  collec¬ 
ted  just  south  of  Bruce  Lake,  Figure  5.  The  geology  of  the 
area  has  been  mapped  on  a  regional  scale  by  Fahrig  (1959) 
and  Smyth  et  al. ,  (1975)*  and  Figure  5  shows  more  detailed 
geology  of  the  area  as  mapped  by  Bailey  (1977). 

The  area  lies  in  the  nose  of  a  large  synclinal 
structure  which  has  been  modified  by  subsequent  faulting. 

The  volcanic  sequence  is  composed  of  interbedded,  fine-grained 
hornblende  andesite  flows  (units  1  and  7)  and  ignimbrites  of 
rhyodacitic  composition  and  minor  felsic  tuffs.  Original 
textures  have  been  preserved  and  the  degree  of  deformatinn 
is  negligible  compared  to  the  area  further  to  the  south. 

The  volcanic  pile  is  cut  by  an  intrusive  plug  of  fine¬ 
grained,  equigranular  diorite  of  unknown  age. 

Petrography  of  the  Bruce  River  Volcanics 

Five  thin  sections,  taken  from  the  specimens  used 
for  radiometric  dating,  were  studied  petrographically. 

In  hand  specimen  (total  of  15  different  localities) 
the  Bruce  River  Volcanics  arc  grey,  red  and  maroon  colored 
massive  felsites  to  feldspar  porphyries  which  exhibit  char¬ 
acteristics  particular  to  ignimbrites.  At  the  base  of  the 
section,  east  of  Bruce  Lake,  hornblende  andesites  occur . 
Phenocrysts  in  the  felsites  are  predominantly  feldspar, 
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varying  between  5%  and  15%  (although  20  -  25%  may  occur) 
and  between  -  8  mm  in  size  with  tabular  outlines  and 
slight  alteration.  Blue  quartz  phenocrysts,  1  -  3  mm  in 
size  and  of  elliptical  shape,  do  occur  but  never  account  for 
more  than  1  -  2%  of  the  mode.  A  well  developed  cleavage  is 
locally  present  but  not  pervasive  throughout  the  section. 
Eutaxitic  textures,  enclosing  feldspar  crystals  when  pre¬ 
sent,  are  ubiquitous  and  parallel  the  metamorphic  fabric 
where  developed. 

In  thin  section,  orientated  phenocrysts  of  ortho- 
clase,  m.icrocline,  sanidine ,  plagioclasc  and  quartz  sit  in  a 
microlitic  matrix  which  shows  well  developed  flow  banding 
defined  by  magnetite  layering  and  recrystallized  and  flat¬ 
tened  pumice  fragments.  Orthoclase  is  the  dominant  pheno- 
crystic  phase  occurring  as  euliedral  to  anhedral,  equidimen- 
sional  crystals  which  may  be  rimmed  by  a  border  of  quartz 
and  feldspar  or  be  in  various  stages  of  breaking  down  to  an 
aggregate  of  finer-grained  feldspar  which  typically  exhibits 
wandering  extinction.  Alteration  to  sericite  is  usually  re¬ 
stricted  to  the  central  portions  of  the  grain  and  is  never 
very  extensive;  alteration  to  chessboard  albite  also  occurs 
as  patches  within  some  orthoclase  grains  as  does  development 
of  carbonate,  noticed  in  BR— 8  and  especially  BR— 9-  The 
carbonate  alteration  is  restricted  to  the  phenocrystic  phase 
and  was  not  observed  to  be  developed  in  the  matrix.  Where 
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the  cldspar  has  broken  down  to  a  finer-grained  aggregate  of 
K-feldspar  the  boundaries  are  frequently  embayed.  Carlsbad 
twinning  was  seldomly  observed,  and  in  one  case  hourglass 
structure  was  developed. 

Plagioclase,  An  26-34,  occurs  as  large  (4  -  6  mm) 
tabular,  subhedral  phenocrysts  which  are  usually  badly 
fractured.  It  is  only  slightly  altered  to  sericite  and 
epidote  and  in  a  few  cases  carbonate  was  developed.  Twin¬ 
ning  was  by  the  albite,  pericline,  and  carlsbad  laws  and 
zoning  was  absent.  Wandering  extinction  commonly  occurred 
in  badly  fractured  grains. 

Sanidine  occurs  rarely  as  subhedral  equidimen- 
sional  grains  in  the  phenocrystic  phase.  Conversion  and 
alteration  to  other  feldspars  (Smyth,  i960)  may  have  dimin¬ 
ished  the  original  amount  of  sanidine  present  to  the  few 
grains  seen  which  were  fresh  and  lacked  visible  signs  of 
alteration. 

Quartz  occurs  in  several  forms,  as  euhedral, 
rhombohcd-"al— hexagonal  sections,  anhedral  to  subhedral 
rhombohedrons ,  and  corroded  anhedral,  body-embayed  grains 
in  various  stages  of  breaking  down  to  finer  grained  aggre¬ 
gates.  Wandering  extinction  is  very  common  as  are  accicular 
inclusions  of  rutile.  Presence  of  the  rhombohedral  quartz 
suggests  crystallization  of  the  phase  below  the  quartz 
inversion  temperature  of  572°C  (Heinrich,  1965). 
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The  matrix  consists  of  a  microcrystalline  inter¬ 
growth  of  quartz  and  feldspar,  in  places  bordering  on 
hypo crystalline ,  with  1  -  3%  euhedral  to  anhedral  magnetite. 
Flow  banding  and  eutaxitic  textures  are  well  developed  and 
secondary  development  of  sericite  parallels  these  primary 
structures.  Minor  amounts  of  sphene  and  epidote  are  con¬ 
tained  within  the  groundmass. 

2.6  Geochomis try  of  the  Rock  Suites 

Whole  rock  geochemical  analysis  of  the  rock 
samples  employed  for  Rb/Sr  dating  were  performed  utilizing 
the  electron  microprobe.  Whole  rock  chemistry  can  be  used 
to  define  the  orogenic  setting  of  igneous  rocks  (Jakes  and 
White,  1972;  Mackenzie  and  Chappell,  1972)  and  also  to  deter¬ 
mine  if  alterations  of  volcanic  rocks  have  occurred^  particu¬ 
larly  during  devitrification  and  hydration  of  glass  compon¬ 
ents  (Scott,  1966,  1971 ;  Lipman,  1965).  In  this  study  it 
was  also  hoped  that  any  alteration  which  may  have  affected 
the  Rb-Sr  system  post  rock  formation  might  be  detected  and 
thus  explain  some  of  the  scattering  apparent  in  the  iso¬ 
chrons  . 

2.6.1  Preparation  of  Samples  and  Analytical  Procedure 
The  samples  used  for  whole-rock  major  element 
chemistry  were  the  same  specimens  employed  for  Rb/Sr  dating. 
Approximately  1.0  to  1.5  grams  of  rock  powder  was  weighed 
into  a  small  porcelain  crucible  and  then  heated  at  110°C  for  six  hours 
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and  weighed  irrmediately  fo  obtain  a  weight  %  value  for 


1 1 0  0  .  Next  the  sample  was  heated  in  a  furnace  at  1000°C 
for  2-2! 2  hours  to  obtain  a  weight  %  value  for  loss  on  ig¬ 
nition  (i.e.  combined  value  of  IIr)0+ ,  F,  U,  PO,  ,  etc.), 
again  the  sample  was  weighed  before  and  after  ignition. 

Rock  powders  were  converted  to  glass  by  heating 
in  an  image  furnace  at  temperatures  in  the  range  of  1300- 
1500°C  under  a  controlled  vacuum.  The  design  and  function 
of  this  particular  piece  of  equipment  and  the  procedure  is 
described  by  Schimann  and  Smith  (1979).  The  glass  samples 
were  then  crushed  and  handpicked  using  a  binocular  micro¬ 
scope  to  ensure  that  only  pure  glass  was  to  be  analyzed. 

The  specimens  were  then  mounted  in  epoxy  and  polished  on  a 
load  lap  in  preparation  for  microprobc  analysis.  Micro¬ 
probe  analyses  on  the  glasses  for  nine  elements  (Na,  Mg,  Al, 
Si,  K,  Ca,  Ti ,  Mn ,  Fe)  were  performed  using  an  ARL  E.M.X. 
electron  microprobe  equipped  with  a  Si(Li)  crystal  detector 
and  an  on-line  computer  to  store  data.  The  energy  dispersive 
analysis  system  (Smith,  1976)  was  used  in  the  study.  Opera¬ 
ting  conditions  consisted  of  15  Kv  voltage,  emission  current 
of  200  ;UA ,  and  beam  current  of  0.30  /iA  and  remained  constant 
during  the  analysis.  Willemitc  was  used  as  a  standard  to 
calibrate  the  EDA  spectra  being  run  both  before,  during  and 
after  analysis. 

Each  glass  sample  was  probed  for  a  total  of  400 

2 

seconds  (live  time)  under  a  scanning  beam  of  32  u  • 


The 


. 
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beam  was  moved  constantly  to  minimize  possible  volatiliza¬ 
tion  of  the  alkali  elements  and  to  ensure  a  representative 
analysis  if  the  sample  was  not  entirely  homogeneous, Ele¬ 
mental  concentrations  were  obtained  by  comparing  the  number 
of  counts  from  a  standard  to  the  number  of  counts  collected 
from  the  sample  over  the  same  period  of  time,  after  the 
appropriate  corrections  (i.e.,  ZAF)  had  been  made’,  the 
standards  employed  and  their  compositions  are  given  in 
Table  8.  The  data  were  processed  by  a  program  ”EDATA” 

(Smith  and  Gold,  1976)  which  makes  the  customary  corrections 
along  with  more  complicated  adjustments  such  as  peak  shift 
and  probe  current  drift. 


2.6.2  Treatment  of  Data 


Elemental  concentrations  obtained  from  the  program 
’’EDATA"  were  in  the  form  ’’weight  fraction  element"  and  were 
then  converted  to  weight  %  oxide,  the  results  of  which  are 
given  in  Table  9»  The  concentration  of  iron  is  calculated 
by  the  probe  without  distinguishing  between  the  oxidation  state, 
however,  an  upper  limit  on  Feo0^  was  set  according  to  the 
following  equation  (Irvine  and  Baragar,  1971): 


0/ 

/0 


Fe203  =  %  Ti02  +  1.5 


Additional  iron  present  in  excess  of  this  arbitrary  upper 
limit  was  assumed  to  be  in  the  ferrous  state.  Most  of  the 


analyses  give  totals  around  102.0. 


The  reason  for  the  high 
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TABLE  8 


Standards  used  for 

microprobe 

analysis 

of 

whole  rock  specimens  (gl 

asses) 

Willemit e 

Kaersutite 

639-3A 

Grossularit e 

639-1 

Aug it e 

639-'i 

Obsidian 

639-10 

Biotit e 
639-22A 

Si02 

28.07 

40.37 

39.04 

50.72 

73.95 

32.79 

Ti02 

— 

4.82 

0.38 

0.73 

0.  10 

3.05 

> 

H 

to 

O 

o.o4 

14.91 

21.65 

7.86 

13.30 

13.30 

FeO 

0.03 

10.92 

1.53 

6.77 

1.75 

30.14 

MnO 

4.82 

0.09 

0. 61 

0.13 

0.06 

O.38 

MgO 

0. 12 

12.80 

0.02 

16.65 

0.06 

4.59 

CaO 

— 

IO.30 

36.58 

15.82 

0.76 

— 

Na2° 

— 

2.  60 

— 

1.27 

4.05 

0. 16 

* 

to 

o 

— 

2.05 

— 

— 

6.00 

9.20 

H2° 

— 

0.98 

— 

— 

O.72 

3.58 

— 

— 

— 

— 

— 

— 

ZnO 

66. 87 

— 

— 

— 

— 

— 

Cl 

— 

— 

— 

— 

0.36 

— 

tA 

O 

OJ 

U 

o 

— 

— 

— 

0. 14 

— 

— 

P2°5 

— 

— 

— 

— 

0.04 

0.05 

Rb2° 

- 

- 

— 

— 

— 

0.05 

BaO 

— 

— 

— 

0.01 

0. 18 
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values  is  not  known  although  the  totals  are  within  the  1.5 
to  2.0%  error  limit  for  EDA  analyses.  The  data  is  plotted 
on  conventional  diagrams  in  Figures  13  to  22;  these  include 
Marker  variation  plots,  AFM  diagrams,  and  alkali  metals 
versus  Si0o.  Most  of  the  diagrams  follow  the  proposed 

i—i 

classification  of  igneous  rocks  of  Irvine  and  Baragar ( 1971 ) . 

2.6.3  Discussion  of  Results 

It  should  first  be  noted  that  emphasis  is  placed 
on  diagrams  which  include  alkalis  to  classify  the  rocks  and 
that  the  principle  shortcoming  of  this  is  the  sensitivity 
of  the  elements  to  changes  imposed  by  alteration  or  meta- 
morphism  (Irvine  and  Baragar , 1971 ;  Scott,  1971). 

Typical  Barker  variation  diagrams,  Figures  13  to 
15,  indi  cate  a  simple  differentiation  trend  for  the  rock 
suites  and  their  good  fit  to  the  same  line  might  suggest  a 
genetic  relationship.  The  rocks  are  classified  as  rhyolites 
(>77%  Si0o ) ,  rhyodacites  (67-71%  Si0o),  dacites  (62-67%  Si0o) 
for  the  volcanics  and  granites  and  granodior i t es  for  the  two 
intrusive  suites  according  to  the  divisions  of  Gelinas  and 
Brooks  (197/0,  and  fall  in  the  calc-alkaline  fields  of  both 
the  conventional  AFM  diagram  (  Figure  l6)  and  total  alkalis 
(Na  V  +  Ko0)  versus  Si0o%  plot  (Figure  17).  The  calc- 
alkaline  affinity  of  the  rocks  is  confirmed  in  a  plot  of 
Alo0„%  versus  normative  plagioclasc  composition  (Figure  1-8), 
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Figure  14 

.ght  %  TiCu  and  KgO  versus  weight  %  Si09  diagram  (symbols  same 
for  Figure  13) 
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Figure  17 
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Weight  %  (I^O  +  Na  O)  versus  weight  %  SiO  diagram 
(symbols  same  as  for  Figure  13)  ^ 
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Weight  %  A1  0  versus  normative  plagioclase 
diagram  (symtois  same  as  for  Figure  13) 
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Rb(ppm) 


Figure  I9 

Rb  versus  Sr  plot  from  Kistler  and  Peterman 
(1973) ,  (symbols  same  as  for  Figure  13) 


Figure  20 
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Color  index  versus  nonmtive  plagioclase  diagram 
(symbols  same  as  for  Figure  13) 


o  Bruce  River  Volcanics 
a  Minisinakwa  Volcanics 
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Weight  %  KJD  versus  weight  %  Si0o  diagram 
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Figure  22 

Normative  An  :  Ab'  :  Or  plot (symbols  same  as  for 
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which  also  shows  the  highly  aluminous  nature  of  the  rocks. 
Table  10  indicates  the  peraluminous  nature  of  the  rocks  with 
the  molecular  proportion  of  A1Q0„>  CaO  +  K  0  +  Nao0  (Car- 
michael  et  al. ,  1974),  this  is  also  reflected  by  the  pre¬ 
sence  of  corundum  in  the  normative  calculations,  (Table  9) 
and  almandinc  garnet  in  thin  section  of  the  rocks.  A  plot 
of  Rb  versus  Sr,  af  t  er  Kis  t  ler  and  Pet  erman  (1973)  (see  Figure 
19)  indicates  the  calcalkaline  nature  of  the  rocks  with  most 
corresponding  to  rhyodacites  (granite)  and  dacites  (grano- 
diorites);  this  diagram  also  indicates  that  the  elements 
have  not  been  altered  by  post-crystallization  events,  except 
for  one  point  (M-9)i  which  is  important  for  radiometric 
d  a  t  i  n  g . 

Although  Figure  20  shows  that  the  rocks  are  dacitic 
to  rhyolitic  (intrusive  equivalents,  granites  to  granodior- 
ites)  in  composition,  anomalously  high  K^O  and  Na^O  concen¬ 
trations  arc  reflected  in  Figure  1.7 •  A  Peacock  (1930)  plot 
of  %  Na  0,  CaO  versus  Si00?o  to  determine  the  correct  alka- 
line-lime  index  was  useless  due  to  the  high  Nao0  content, 

(—t 

and  Figures  21  and  22  fellow  the  high  Ko0  affinities  of  the 
suites. 

With  respect  to  the  AFM  diagram,  Figure  l6,  it  is 
interesting  to  note  that  two  apparent  trends  are  indicated; 

(i)  a  Walker  Lake  Granit e-Bruce  River  volcanic  trend,  and  (ii) 
Otter  Lake  Granit e-Minisinakwa  volcanic  trend.  The  signifi- 
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TABLE  10 


CaO  +  Na20  +  Ko0 
(Molecular  Proportions) 

A12°3 

(molecular  Proport 

MZ-1 

.17 

.18 

mz~4 

.15 

.  l6 

MZ-7 

.14 

.16 

MZ-9 

.  14 

.  16 

MZ-10 

.17 

.17 

MZ-14 

.13 

.15 

Br-1 

.13 

.15 

Br-5 

.11 

.13 

Br-7 

.  12 

.15 

Br-8 

.13 

.15 

Bi — 9 

.13 

.14 

Br-1 4 

.16 

.18 

Mv-l 

.  10 

.13 

Mv-3 

.11 

.13 

Mv-4 

.15 

.16 

Mv-6 

.13 

.  16 

Mv-9 

.14 

.16 

w-7 

.15 

.17 

w-8 

.15 

.  16 

W-9 

.  12 

.14 

W-ll 

.14 

.15 

W-13 

.11 

.14 

w-i6 

.  12 

.14 
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cance  of  this  is  not  known  although  the  geographical  posi¬ 
tion  of  these  suites  relative  to  each  other  in  the  field 
might  support  the  observation.  However,  the  Marker  varia¬ 
tion  diagrams  did  not  indicate  any  such  trends  so  the 
validity  of  this  possible  distinction  between  two  coeval 
intrusive-extrusive  magmatic  suites  remains  ambiguous. 

Although  the  rock  suites  display  typical  calc- 
alkaline  features,  they  are  characterized  by  their  high 
content  of  Al^O,,  and  K^O.  A  similar  association  of  these 
types  of  rocks  with  calc-alkaline  volcanism  and  shoshonitic 
magmatism  in  Papua  New  Guinea  led  Mackenzie  and  Chappell 
(1972)  to  extend  the  definition  of  the  shoshonitic  associa¬ 
tion  to  grade  into  the  K-rich  calc-alkaline  rocks.  Although 
the  classic  occurrences  (Yellowstone  Park  and  the  Roman 
Comagmatic  Province)  of  shoshonitic  rocks  are  set  in  areas 
of  pos t-orogenic  stabilization  of  continental  margins, 
similar  rocks  have  been  discovered  in  active  orogenic  re¬ 
gions,  most  notably  the  circum-Pacif ic  belt  (Morrison,  1976). 
The  magmatic  evolution  of  these  areas  usually  follows  the 
trend  tholeiit ic-calcalkaline-shoshonit es-alkaline  rocks 
(Jakes  and  White,  1972),  corresponding  to  a  progressive 
change  of  the  subduction  zone.  This  change  of  motion  in 
the  case  of  islandarcs  built  on  oceanic  crust  is 
attributed  to  rotation  and  fragmentation  of  the  arc  produced 
by  oblique  convergence  between  the  adjacent  lithospheric 
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pl  ates  (Morrison,  1976). 

In  the  case  of  the  Central  Mineral  Belt  the  rocks 
of  particular  interest  to  this  study  are  recognized  as 
having  high  potassic  affinities  suggesting  an  association 
with  the  K-rich  calc-alkaline  rocks  of  MacKenzie  and 
Chappel  (1972).  Although  Wats on-Whi t e  (1976)  recognized 
the  alkaline  nature  of  these  rocks  he  proposed  a  rifting 
environment  to  explain  their  petrogenesis ,  the  present 
author  rejects  this  in  light  of  recent  studies  carried  out 
on  similar  rocks  found  in  present  day  orogenic  settings 
such  as  Indonesia,  Papua  New  Guinea,  Malaysia,  Japan,  etc.  ' 
Instead,  a  model  is  proposed  whereby  the  tectonics  of  the 
area  progressed  from  predominantly  subduction  with  dip-slip 
motion  to  strike-slip  motion  due  to  failure  or  ’’flipping”  of 
the  subduction  due  to  oblique  plate  convergence.  Such  a 
tectonic  transition  is  associated  with  a  change  from  calc- 
alkaline  to  shoshonitic  volcanism  (Morrison,  1976;  Jakes  and  White, 1972) 

It  is  interesting  to  note  that  the  Central  Mineral 
Belt  is  characterized  by  its  unique  structural  pattern  which 
is  oblique  to  the  pattern  of  the  rest  of  the  Nain  Province 
and  hence  its  recognition  as  the  Makkovik  subprovince.  The 
reason  for  this  change  in  structural  pattern  in  the  southern 
Nain  Province  has  always  been  attributed  to  rotation  of  the 
area  approximately  55°  some  1200-1500  Ma  ago  (Fahrig  and  Roy, 
1973).  Perhaps  rotation  and  fragmentation  of  an  arc  system, 
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which  gave  rise  to  the  K-calcalkaline  rocks  of  the  Central 
Mineral  Belt  due  to  the  oblique  convergence  of  two  plates, 
was  also  responsible  for  the  present  day  dischordance  of 
the  structures  of  the  Makkovik  subprovince  due  to  rotation 
of  the  area.  Also,  the  presence  of  the  Letitia  Lake  Porphyry 
(Marten,  1975)  and  the  Red  Wine  Alkaline  Province  (Currie  et 
al. ,  1975)  would  correspond  to  the  last  part  of  the  magmatic 
cycle,  tholeiit e-calc-alkaline-shoshonitics-alkaline  rocks, 
of  Jakes  and  White  (1972)  for  the  evolution  of  this  type  of 
tectonic  model. 

The  anomalously  high  Alo0  and  Ko0  contents,  fairly 

lL  _y  l-j 

high  SiO  O"o,  presence  of  corundum  in  the  norm  and  almandine 
garnet  in  thin  section,  and  87Q  /86  values  of  O.705  (Otter 
Lake  Granite)  and  0.707  (Walker  Lake  Granite)  for  the  gran¬ 
ites  suggests  that  these  fit  into  Chappel  and  White's  (197^) 
S-type  granitic  field.  Such  granites  originate  from  partial 
melting  or  fusion  of  crustal  material  enriched  in  K,  Al,  Rb , 
etc. ,  versus  I-type  granites  which  originate  from  partial 
melting  of  mantle  material  immediately  above  subducted 
lithospheric  (oceanic)  plates  (Green  and  Ringwood,  1968). 

Although  the  chemical  patterns  displayed  by  the 
rock-suites  may  be  explained  by  two  different  processes,  the 
orogen.ic  settings  accompanying  each  are  divergent  to  each 
other.  In  one  case  an  active  arc  system  is  dominant  while 

f 

in  the  second  case  an  orogenic  setting  is  not  particularly 
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diagnostic  of  S-type  granites  as  long  as  fusion  of  crustal 
material  is  included  in  the  model.  A  compromise  between 
the  two  proposals  is  found  in  the  north  island  of  New  Zea¬ 
land  where  an  active  arc  environment  occurs  east  of  contin¬ 
ental  crust  corresponding  to  a  flexturc  in  the  Tonga- 
Ivermadec  arc.  Of  course,  if  the  angular  discrepancy  in 
structural  style  between  the  Nain  Province  and  Makkovik 
subprovince  of  55°  is  omitted  and  attributed  to  another 
process  then  an  active  system  is  not  required  in  the  inter¬ 
pretation.  Instead,  a  stable  orogcn.ic  environment  analogous 

to  the  Cascades  of  the  western  United  States  may  bo  the  best 

* 

analogy  to  the  Central  Mineral  Belt. 


2.7  The  Isochrons  obtained  (Rb-Sr  Geochronology) 

1)  2,7.1  The  Aillik  Volcanics 

An  isochron  plot,  Figure  6,  of  five  points  (ex¬ 
cludes  point  M— 9 )  indicates  an  age  of  1767  -  4  Ma  and  an  in¬ 
itial  87^  /86_  ratio  of  0.7022  -  .0005.  A  mean  square  of 
Sr  Sr 

weighted  deviates  (MSWD)  value  of  4.86  obtained  from  the 
isochron  is  due  to  sample  M-12,  if  this  point  is  also  ex¬ 
cluded  then  the  four  remaining  points  indicate  an  ago  of 
1776  -  2  Ma  and  an  initial  ratio  of  0.7005  -•  .0004  with  a 
much  better  MSWD  value  of  0.803.  However,  there  is  no  good 


However,  similar  geologic  environments  displaying  vast 
thicknesses  of  rhyolitic  pyroclastic  material  (Cascades, 
Roman  Province)  are  typically  stable  continental  areas. 
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reason  to  exclude  this  point  and  the  former  age  is  accepted. 
Point  M.9  is  excluded  on  the  basis  of  its  altered  chemistry 
believed  to  be  responsible  for  its  low  Rb  content  relative 
to  the  other  rhyolites  of  the  same  volcanic  unit  as  indicated 
in  figure  19  as  discussed  earlier. 

The  1767  Ma  age  for  the  volcanics  is  considered 
geologically  reasonable.  If  the  primary  syngenetic  uranium 
mineralization  at  Burnt  Lake  and  Michelin  is  indeed  1770  Ma 
as  suggested  by  a  U-Pb  concordia  plot  (see  Chapter  4),  then 
the  calculated  age  for  the  Aillik  volcanics  is  verified. 
However,  when  compared  to  the  1693  Ma  age  calculated  by  Wat¬ 
son-White,  there  is  a  considerable  difference.  In  this  latter 
case  the  isochron  represents  a  regional  sampling  procedure 
and  it  may  be  that  the  result  obtained  also  reflects  this. 

If  this  is  the  case,  then  it  would  suggest  a  younging  to  the 
north  for  the  volcanics  and  indicates  a  minimum  time  limit 
of  approximately  80  Ma  for  the  acid  volcanism  in  the  Aillik 
Group.  A  maximum  limit  for  this  volcanism  is  calculated  at 
120  Ma  based  on  a  K-Ar  date  of  1643  ”  46  Ma  for  hornblende 
taken  from  the  Walker  Lake  Granite  (Wanless  and  Loveridge, 
1974)  which  is  known  to  cut  the  Aillik  volcanics. 


Although  the 


falls 


just  outside  of  the  field  for  the  growth  curve  of  87q  /86 


for  rocks  of  mantle  origin  (cf.  1700  Ma  age;  Faure  and 
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Powell,  1972)  an  origin  involving  crustal  fusion  is  pre¬ 
ferred  since  it  agrees  more  with  the  calc-alkaline  chemistry 
of  the  rock  suite. 

2)  2.7.2  Otter  Lake  Granite 

A  six  point  isochron  plot  for  the  Otter  Lake 
Granite,  Figure  7,  indicates  an  age  of  1496  -  37  Ma  and  an 
initial  87Sr/86  ratio  of  0.7051  -  .0013.  A  meansquares 
weighted  deviates  of  11.0  suggests  that  the  spread  is  out¬ 
side  of  analytical  error  and  may  therefore  be  geologically 
r  eal . 

From  field  relationships  the  granite  is  known  to 
be  younger  than  the  Bruce  River  Group  Volcanics  which  have 
been  dated  at  1520  -  20  Ma  (see  further  onJ  Wanless  and 
Loveridge,  1972)  and  older  than  the  Seal  Lake  Group  dated 
at  1323  -  92  Ma  (Wanless  and  Loveridge,  1978).  Therefore, 
the  apparent  age  is  considered  to  be  geologically  reason¬ 
able  and  suggests  a  coeval  relationship  between  the  Otter 
Lake  Granite  and  the  Bruce  River  Volcanics. 

The  initial  ratio  of  0.7051  0.0013  is  within 

error  of  a  source  region  deep  within  the  mantle  (Faure  and 
Powell,  1972),  although  a  more  favorable  opinion  would  be  a 
crustal  source.  The  latter  would  be  more  compatible  with  its 
calc-alkaline  nature  suggested  from  petrographic  study  and 


whole  rock  chemistry 
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The  1496  -  37  Ma  age  for  the  Otter  Lake  Granite  is 
considerably  younger  than  the  1645  ~  45  Ma  old  Walker  Lake 
Granite  (Wanless  et  al. ,  1974)  located  further  to  the  east 
(Figure  2).  Ryan  and  Harris  (1978)  considered  these  two 
granites  to  be  equivalent,  however,  this  dating  does  not 
support  such  a  correlation.  It  does  suggest  that  the  two  bo¬ 
dies  may  be  related  such  that  the  Walker  Lake  Granite  formed 
earlier  on  in  the  same  geologic  cycle  thus  implying  a  trans¬ 
gression  of  igneous  activity  towards  the  west  with  time. 

3)  2.7.3  The  Druce  River  Volcanics 

An  "errochron"  plot  of  six  points,  Figure  8,  indi¬ 
cates  an  age  of  1612  —  34  Ma  and  an  initial  87  ~  /86_  ratio 

Sr  Sr 

of  0.6844.  A  mean  square  weighted  deviates  value  of  346.35 
and  the  exceptionally  low  initial  ratio  value  are  due  to 
sample  DR-8.  A  recalculation  excluding  this  point  gives  an 
age  of  1527  -  39  Ma  and  an  initial  ratio  of  0. 69826  with  a 
significantly  lower  MSWD  value  of  18.4.  The  initial  ratio 
value  is  still  too  low  for  a  rock  suite  of  1500  my  generated 
by  normal  processes  but  is,  however,  within  error  of  a  value 
expected  if  the  source  region  were  a  portion  of  the  mantle  de¬ 
pleted  in  rubidium  (Faure,  1977)-  However,  considering  the  other 
rock  suites  of  the  area  (i.e.  Otter  Lake  Granite,  Minisin- 
akwa  volcanics,  Aillik  volcanics,  Petscapisknu  Group  volcan¬ 
ics)  studied  by  the  writer,  Wanless  and  Loveridge  (1972, 

1978),  and  Watson-White  (1976)  and  the  initial  ratios  ob- 
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tained,  a  value  of  0.702  -  O.706  would  seem  more  reasonable 
for  the  Bruce  River  volcanics.  Using  this  value  as  a  guide 
on  isochron  plot  of  the  same  five  points  would  give  an  age 
of  1520  Ma  ,  agreeable  with  the  1526  -  44  Ma  old  age  obtained 
on  the  same  rocks  by  Wanless  and  Loveridge  (1974). 

4)  2.7.4  The  Minisinakwa  Volcanics 

A  six-point  "errorchron"  plot  for  the  Minisinakwa 

Volcanics,  Figure  9*  indicates  an  age  of  1449  -  43  Ma  with 

an  initial  87  /86  ratio  of  0.7150  -  O.OO67  and  a  MSWD 

br  br 

value  of  945-5-  The  high  initial  ratio  and  MSWD  value  is 
attributed  to  sample  MV-5 , recalculation  excluding  this  sample 
indicates  an  age  of  155^  ”  25  Ma  and  an  initial  ratio  of 
O.7068  -  0.0032  with  a  MSWD  value  of  178.5.  This  latter  age 
is  considered  geologically  more  reasonable  since  the  vol¬ 
canic  rocks  are  intruded  by  the  Otter  Lake  Granite,  dated 
at  1496  i  37  Ma ,  and  are  thought  to  be  equivalent  to  the 
1520  my  old  Bruce  River  Group  (Ryan,  1978).  A  combined  plot 
of  the  data  from  these  two  volcanic  suites,  Figure  IO ,  shows 
a  good  linear  relationship  indicating  age  of  1537  Ma . 

The  initial  ratio  value  of  O.7068  -  0.0032  lies 
well  outside  the  field  for  mantle  derived  magma  (cf.  1500 
Ma).  The  high  initial  ratio  compared  to  the  values  obtained 
for  the  Aillik  and  Bruce  River  Volcanics  and  the  Otter  Lake 
Granite  might  suggest  some  contamination  or  fusion  of  a 
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precursor  relatively  more  enriched  in  lib. 


5)  2.7.5  Walker  Lake  Granit 


A  plot  of  six  points  for  the  Walker  Lake  Granite 
does  not  define  an  isochron,  Figure  11,  but  instead  an 


u 


crrorchron.  •'  An  open  system  must,  therefore,  have  existed 


some  time  after  the  crystallization  of  the  granite  or  var¬ 
iable  amounts  of  contamination  may  have  occurred  during  the 
formation  of  the  granite,  producing  a  phase  with  a  variable 
value  for  each  subvolume  of  the  larger  phase.  The 
points  do  provide  some  range  for  the  age,  however,  this  in¬ 
dicated  age  is  1550  -  55  Ma  with  an  initial  ratio  of  0.7070 
-  .OO69  m  th  a  mean  square  weighted  deviates  value  of  114.5- 
Previous  work  indicates  a  hornblende  K—  Ar  age  of  1645  -  46 
Ma  and  a  biotite  K-Ar  age  of  1457  -  36  Ma  (Wanless  and 
Loveridge,  1974). 


The  age  of  1550  —  55  Ma  is  geologically  reasonable 
based  on  current  field  evidence  as  an  upper  limit  is  pro¬ 
vided  by  the  cross  cutting  relationship  of  the  granite  with 
the  Aillik  volcanics,  dated  at ~1770  my.  The  relationship 
between  the  Rb/Sr  ages  and  K-Ar  ages  is  not  known  for  the 
samples  were  not  collected  from  the  same  locality  and  may, 
therefore,  not  represent  the  same  phase  of  the  granite 

The  age  of  1550  -  55  Ma  is  tentatively  regarded 
as  a  "ball  park"  figure  for  the  Walker  Lake  Granite.  More 
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work  is  required  to  clarify  the  age  and  nature  of  events 
responsible  for  the  apparent  scatter.  Although  the  sampling 
represents  two  phases  of  the  Walker  Lake  Granite,  no  dis¬ 
tinction  could  be  discerned  between  the  lcucogranite  phase 
(9,  11?  13 »  16)  and  biotite  granite  phase  (7»  8).  Petro¬ 
graphic  study  has  indicated  the  presence  of  sphene  and 
zircon  so  U-Pb  dating  of  these  phases  may  provide  a  more 
reliable  date. 

2.8  Discussion  and  Interpretation 

The  study  of  the  Rb-Sr  decay  system  not  only  per¬ 
mits  the  determination  of  a  rock  age  but  also  permits  one 
to  look  at  the  geochemical  history  of  the  Sr  and  Rb  they  con¬ 
tain.  In  applying  the  Rb/Sr  dating  technique  to  a  suite  of 
rocks  formed  synchronously  in  time  a  linear  relationship 
exists  between  the  Rb/Sr  ratio  of  each  sample  and  its 

87„  /86„  ratio  such  that  the  calculation  of  an  isochron,  a 
Sr  Sr 

line  of  equal  age,  is  possible.  If  the  samples  are  all  of 
the  same  age  and  have  remained  closed  systems  to  Rb  and 
Sr  since  the  time  of  the  rock  formation,  then  all  the  points 
should  lie  on  one  isochron.  If  a  later  metamorphic  event 
affects  the  rock  suite  of  particular  interest,  then  the 
original  age  of  formation  may  be  preserved  if  the  system 
remains  closed  to  Rb  and  Sr.  However,  an  internal  redistri¬ 
bution  of  Rb  and  Sr  may  occur  among  the  minerals  such  that 
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mineral  isochrons  will  reflect  the  age  of  the  mctamorphic 
event . 

The  approximate  preservation  of  Rb-Sr  systematics 
during  a  thermal  event  may  be  explained  in  terms  of  two 
parameters  (Roddick  and  Comps ton,  1977);  i)  the  volume  through¬ 
out  which  Sr  isotopic  equilibration  is  effective  during 
the  event,  and  ii)  the  minimum  subvolume  into  which  the  body 
can  be  divided  such  that  each  subvolume  has  the  same  mean 
Rb/Sr  ratio  as  the  mean  Rb/Sr  for  the  entire  body.  If  (i) 

>(ii)  then  the  system  has  been  reset,  therefore,  it  is  im¬ 
portant  to  know  the  scale  on  which  Sr  isotopic  homogeniza¬ 
tion  occurs  during  mctamorphic  events.  Krogh  et  a 1., (1976) 
studied  the  contact  between  mafic  dykes  and  the  leucogranite 
they  cut  and  found  that  within  a  few  centimeters  of  the  dyke 
the  Rb  and  Sr  concentrations  had  been  altered  but  away  from 
the  dyke  (72  cm)  the  leucogranite  remained  unaffected. 

In  a  study  of  Sr  homogeneity  in  the  mantle,  lief mann  ( 1975  ) 
concluded  that  homogeneity  was  limited  to  tens  or  hundreds 
of  metres,  a  view  also  taken  by  Hart  and  Brooks  (1970) * 

Brooks  et  al. ,  (1976)  and  others.  Hofmann  and  Gramert  (1975) 
found  in  their  study  of  the  Phanerozoic  Belt  Series  meta¬ 
sediments  that  Sr  isotopic  homogenization  during  high-grade 
metamorphism  had  occurred  on  a  bond  specimen  scale  and  that 
on  a  larger  scale  of  sampling  isochrons  reflected  the  age 


of  sedimentation. 
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It  is  possible  that  in  the  case  where  granitic 
or  intermediate  rocks  have  evolved  through  partial  melting 
of  a  precursor,  that  complete  Sr  homogenization  did  not 
occur  and  that  an  isochron  plot  may  reflect  the  age  of  the 
original  rock.  Roddick  and  Compston  (1977)  attribute  the 
apparently  ’inherited’  isochron  age  for  the  Murrembidge 
Batholith  (Rb/Sr  age  of  490  Ma  versus  zircon  U-Pb  age  of 
426  Ma )  to  the  fact  that  Sr  equilibrium  during  partial 
melting  of  a  precursor  occurred  on  a  scale  smaller  than  their 
sample  size.  Parkhurst  and  Pidgeon (1976)  found  in  a  study  of  two 
Scottish  granites  of  supposedly  the  same  age  and  origin 
that  one  showed  an  inherited  isochron  and  that  the  other 
gave  an  age  agreeing  with  its  zircon  age.  In  the  former 
case,  the  Ben  Vuirich  Granite,  it  was  found  that  homogeni¬ 
zation  had  indeed  occurred  hut  only  over  a  few  metres 
where  as  homogenization  had  occurred  on  all  scales  in  the 
case  of  the  latter,  the  Dumfollandy  Hill  Granite.  They 
attributed  this  difference  to  the  fact  that  in  the  case  of 
the  latter,  a  more  acid  melt  had  evolved  with  a  high  fluid 
content  as  indicated  hy  the  presence  of  muscovite  and  that 
this  permitted  easier  diffusion  of  Rb  and  Sr  within  the 
melt  resulting  in  complete  homogenization. 

Open  system  behavior  of  rocks  to  Rb  and  Sr  migra¬ 
tion  during  metamorphism  is  also  partly  a  function  of  bulk 
chemical  and  mineralogical  composition.  Mukhopadhyay  et  al.  , 
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(1975)»  in  their  study  of  the  geology  of  the  Pedernal 
Hills  area  of  New  Mexico,  found  that  a  granitic  stock 
showing  intrusive  relationships  to  the  surrounding  metased¬ 
iments  gave  an  older  age  (1471  -  97  Ma )  than  the  country 
rock  (1364  -  27  Ma).  They  attributed  the  younger  age  for  the 
schists  to  be  a  result  of  Sr  loss  suffered  during  a  period 
of  cataclasis  •  Although  this  event  left  a  marked  effect  on 
the  granite  it  was  able  to  retain  its  Sr  whereas  the  schists, 
composed  predominantly  of  phyllosilicates ,  lost  its  radio¬ 
genic  Sr  because  there  were  no  minerals,  such  as  plagioclase, 
which  could  take  up  the  element  once  it  became  mobile.  In 
the  case  of  fine-grained,  acid  voLcanics  open  system  be¬ 
havior  during  regional  metamorphism  has  long  been  suspect. 
Cormier  (1969)  found  that  Rb/Sr  analysis  of  the  Ilercynian 
Cold  Brook  Group  volcanics  defined  two  different  isochrons 
indicating  ages  of  750  —  0O  Ma  (initial  ratio  .7054)  and 
370  -  38  Ma  (initial  ratio  #7135).  The  older  age  is  inter¬ 
preted  as  the  time  of  eruption  and  the  younger  age  is  attri¬ 
buted  to  effects  of  the  Acadian  orogeny.  Alsopp  et  a 1 .  (1968) 

found  that  the  acid  volcanics  of  the  Onvcrwacht  series  gave 
an  age  younger  than  that  suggested  by  their  work  and  that, 
combined  with  an  initial  ratio  of  O.716,  suggested  an  alter¬ 
ation  of  their  Rb/Sr  systematics.  Bell  and  Blenkinsop  (1978) 
divided  sixteen  samples  of  the  Cape  St.  John  Group  acid  vol¬ 
canics  into  two  chemical  groups  which  define  different 
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isochron  ages  of  5-0  -  ![0  Ma  and  385  -  15  Mn.  The  latter 
age  is  defined  by  the  more  silicous  group  of  rocks  and  is 
attributed  to  their  open  system  behavior  with  respect  to 
Rb  and  Sr  during  the  last  thermal  event  which  affected  the 
area . 

In  the  case  of  four  of  the  five  isochron  plots 
(i.e.  the  Otter  Lake  Granite,  the  Minisinakwa  Volcanics, 
the  Bruce  River  Volvanics,  the  Walker  Lake  Granite)  dis¬ 
cussed  the  scatter  observed  was  outside  of  analytical 
error  and  was  believed  to  be  related  to  something 

geologic.  The  scatter  from  linearity  may  be  attributed  to 
either  one,  or  all  of  the  following;  i)  incomplete  homo¬ 
genization  of  the  87 ^  /86^  ratio.  If  the  rock  suites  were 
formed  by  partial  melting  of  a  precursor,  as  is  suggested 
by  their  calc-alkaline  nature,  then  an  incomplete  resetting 
of  Rb-Sr  systcmatics  may  have  resulted.  In  this  case 
scatter  of  the  points  may  define  two  isochrons  between  which 
all  the  points  would  lie.  The  maximum  age,  or  isochron  with 
the  steeper  slope,  would  represent  the  ’inherited’  isochron 
and  the  minimum  age,  or  isochron  with  the  shallow  slope, 
would  indicate  the  true  age  of  the  rock  if  some  of  the 
samples  analysed  represented  subvolumes  where  complete 
homogenization  had  occurred.  It  is  interesting  to  note 
that  Chappell  and  White  (197*0  state  that  isochrons  of  S- 
type  granites  show  a  scatter  of  points  within  a  broad 
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envelope,  reflecting  variations  in  the  initial  87  /86 

Sr  Sr 

within  a  single  pluton  as  a  consequence  of  more  heterogen¬ 
eous  source  material.  ii)  Partial  resetting  of  the  Rb/Sr 
clock  by  some  later  metamorphic  event.  As  was  discussed 
earlier,  the  degree  of  resetting  depends  on  the  bulk  com¬ 
position  of  the  rock  and  also  on  the  minerals  present,  and 
their  retentivity  to  Sr.  Resetting  of  the  Rb-Sr  systems 
would  increase  the  initial  87^  /86 _  ratio  and  the  present 
Rb/Sr  ratio  would  depend  on  the  time  elapsed  since  the  age 
of  the  subsequent  event.  iii)  Assimilation  of  older  material 
through  anatexis  which  would  ciiusc  an  increase  in  both  the 

Rb/Sr  and  g  ^  ratio.  The  presence  of  Archean  rocks  is 

Sr'  Sr 

known  in  the  area  and  incorporation  of  this  material  into 
the  ascending  magma  may  have  occurred.  Anatexis  would 
preferentially  incorporate  the  alkali  phases  enriched  in  Rb 
thus  increasing  the  overall  Rb/Sr  ratio.  Such  a  mechanism 
need  not  be  homogeneous  and  may,  therefore,  cause  inhomogen¬ 
eity  with  respect  to  the  initial  870  /86  ratio  throughout 

br  br 

the  magma. 
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1407  Ma  (initial  ration  of  0.7169)  and  1400  Ma  (initial  ration 
of  0.7093)-  What  the  significance  of  these  pseudo-isochrons 
is  remains  unresolved  and  it  is  highly  probable  that  it  is 
just  a  fortuitous  and  coincidental  phenomenon.  The  only 
comment  worthy  of  mention  is  that  the  1400  Ma  age  coincides 
with  the  Elsonian  thermal  event  in  Labrador.  That  resetting 
of  Rb-Sr  systems  can  occur  at  even  lower  greenschist  facies 
metamorphism  (Priem  et_al. ,  197^)  may  lend  significance  to 

this  "apparent”  age.  However,  one  must  realize  that  such 
plots  of  data  representing  different  rock  suites  (although 
these  may  be  related  genetically)  should  be  examined 
cautiously. 

The  range  in  ages  of  the  five  rock  suites  with 
the  oldest  in  the  eastern  sector  of  the  Central  Mineral  Belt 
and  the  youngest  further  to  the  west  suggests  a  transgress ion 
of  volcanic  activity  during  Aphebian  to  Ilelikian  time.  De¬ 
pending  upon  the  orogenic  setting  accepted  (discussed  earlier) 
two  possible  explanations  can  be  postulated.  First,  if  an 
arc  system  is  considered  then  it  would  suggest  evolution  of 
the  system  during  time  with  subduction  towards  the  west.  A 
second  explanation  involves  eastward  movement  of  the  contin¬ 
ental  plate  over  a  heat  source  at  depth,  a  model  analogous 
to  the  formation  of  the  Hawaiian  chain  of  volcanic  islands 
(Carmichael  et  al. , 


1974 )• 


CHAPTER  5 


THE  STORMY  LAKE  AREA 

3.1  Introduction  and  Previous  Work 

The  Stormy  Lake  uranium  showing,  located  approxi¬ 
mately  2.5  km  (1.5  miles)  northeast  of  Stormy  Lake,  Figure 
4,  was  discovered  by  Piche  in  1955  (Robinson,  1956)  during 
a  regional  r econnaissance  program.  Follow-up  work  consist¬ 
ing  of  detailed  mapping  and  trenching  was  completed  during 
the  same  field  season.  A  radioactive  zone  at  the  contact 
between  arkosic  quartzites  (remapped  as  rhyolites)  and  an 
overlying  arkosic  conglomerate  (Piche,  1955)  was  traced  for 
1800  feet  with  visible  pitchblende  seen  in  eight  locations; 
nine  chip  samples  from  this  zone  void  of  visible  pitchblende 
assayed  at  0.0025  to  0.225?°  U„0g  (Robinson,  1956).  Recog¬ 
nizing  the  hydrothermal  nature  of  the  assemblage  uranium, 
native  silver,  chalcopyrite  and  specularite  hematite  found 
at  Stormy  Lake,  Heaven  (1958)  suggested  a  similarity  to  the 
vein  deposits  found  in  the  N.W.T.  around  Port  Radium. 

Marten  and  Smyth  (1975)  were  the  first  to  recog¬ 
nize  that  the  uranium  mineralization  at  Stormy  Lake  was 
spacially  related  to  an  unconformity,  i.c.,  the  Bruce  River- 
Seal  Lake  Group  unconformity  (first  documented  by  Smyth  et 
al.  ( 1975 ) •  They  suggested  that  this  unconformity  thus  of¬ 
fered  potential  in  other  sectors  of  the  Central  Mineral  Belt. 
Recently  Drinex  and  Inco.  have  begun  exploration  in  the  area 
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under  a  joint  venture,  however,  no  information  concerning 
other  discoveries  is  available. 

Mapping  of  the  Stormy  Lake  area  was  carried  out 
during  the  last  week  of  June,  1977.  A  grid  was  first  con¬ 
structed  by  pace  and  compass  by  running  a  2000  foot  baseline 
north-south  through  the  area  and  then  putting  in  offsets 
every  200  feet  both  east  (1200  feet)  and  west  (1400  feet). 
Lines  were  also  run  between  the  offsets  and  the  remaining 
area  tied  in  with  pace  and  compass  work  where  required.  Al“ 
though  the  mapping  was  concentrated  over  a  small  area,  two 
regional  traverses  were  made  to  acquaint  the  author  with  the 
regional  geology. 

3.2  Regional  Geology 

The  regional  geology  of  the  Stormy  Lake  area,  igure 
24,  is  included  in  the  maps  of  Fahrig  (1959)^  Piche  (1955), 
DeGrace  (1969),  Cote  (1970),  Marten  and  Smyth  (1975)  and  Ryan 
(1978).  At  the  Stormy  Lake  showing,  sedimentary  rocks  of  the 
Seal  Lake  Group  uncomf ormably  overlie  porphyritic  rhyolites 
of  the  Bruce  River  Group. 

The  oldest  rocks  in  the  area  are  the  Pale  ohclikian 
Bruce  River  Group  found  to  the  north  and  northeast  of  the 
study  area.  They  consist  of  massive  rhyolites  and  ignim- 
brites  and  correspond  to  the  uppermost  division  of  the  Bruce 
River  Group  (Smyth  et  al. ,  1975).  They  are  typically  por— 
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phyritic  In  nature  with  up  to  25-30 %  of  feldspar  phcnocrysts 
of  3~5  mm  size  and  1-3%  blue  quartz  eyes  of  1-3  mm  size  with 
eutaxit ic textures  fairly  common.  Chemically  they  vary  between 
rhyolites  and  rhyodacites. 

A  large  batholithic  body,  the  Otter  Lake  Granite, 
dated  by  the  Rb/Sr  method  at  1496  -  37  Ma  ,  cuts  the  Bruce 
River  Volcanics  and  suggests  a  possible  coeval  relationship 
between  the  two  suites.  This  body  varies  from  monzonite  to 
granite  in  composition  and  cut  by  later  aplitic  bodies  west 
of  Katty  Lake  (Ryan,  1978).  Some  dioritic  phases  occur  and 
may  represent  early  differentiates  as  in  some  instances  dio¬ 
ritic  xenoliths  can  be  seen  in  the  main  granitic  phase.  In 
thin  section  it  typically  shows  a  hypidiomorphic  granular 
texture  consisting  of  K-feldspar  (  65  -80% )  ,  plagioclase  (5-15%), 
quartz  (15-25%,  biotite  (1-2%)  and  a  high  accessory  content 
of  euhedral  to  anliedral  sphene  and  rarely  almandine  garnet. 

Cote  (1970)  shows  several  other  intrusive  bodies 
south  of  Stormy  Lake  in  the  Liort e-Gayle-S t ormy  Lakes  area. 

He  divides  these  bodies  into  several  complexes  as  follows: 

1)  diorite-syenite;  2)  Adlavik  gabbro-d.iorit  e-syenit  e ;  5) 
adlavik  gabbro-diori t e ;  and  4)  medium  grained  diorite.  The 
age  relationships  of  these  various  intrusives  is  suggested 
by  Cote  (1970)  to  be  :  Adlavik  gabbro  oldest,  followed  by 
the  syenite  and  then  diorite.  The  age  of  the  medium- 
grained  granite— diorite  remains  ambiguous.  It  is  believed 


114 


that  most  of  those  rocks  predate  the  Seal  Lake  Group  sedi¬ 
ments  (Smyth,  personal  communication). 

Unconf ormably  overlying  the  Bruce  River  volcanics 
and  the  Otter  Lake  Granite  are  the  Bessie  Lake  sediments, 
basal  member  of  the  Neohelikian  Seal  Lake  Group  (Brummer  and 
Mann,  1961).  A  zone  of  paleowea thering  up  to  50  metres 
thick  is  developed  in  the  Otter  Lake  Granite  below  the  Seal 
sediments  (Marten  and  Smyth,  1975)  suggesting  a  major  time 
break  between  the  Bruce  River  Group  and  Seal  Lake  Group.  The 
Bessie  Lake  sediments  consist  of  a  basal  conglomerate  which 
grades  upwards  into  quartzites  and  grits  intercalated  with 
tholeiitic  basalts.  The  conglomerates  typically  display 
good  grnded  bedding  and  the  quartzites  show  excellent  cross¬ 
bedding  defined  by  heavy  mineral  laminations  of  magnetite. 

The  Stormy  Lake  area  lies  in  the  Grenville  Fore¬ 
land  Belt,  or  more  specifically  the  Nain  Foreland  Zone  of 
Wynnc-Edwards  (1972).  Although  the  Grenville  Front  is 
shown  on  regional  maps  (cf.  Greene,  1972),  to  go  through  the 
Seal  Lake-Stormy  Lake  area  it  cannot  be  precisely  defined 
but  is  instead  represented  by  a  wide  zone  of  northerly  dir¬ 
ected  thrusting  and  folding. 

Two  periods  of  folding  can  be  recognized  on  a 
regional  scale  in  the  Stormy  Lake  area.  The  first  (F^) 
folds  (Plate  1)  arc  large,  flat  lying  open  folds,  whose 
axial  planes  generally  dip  <30°  to  the  south  and  whose  axis 
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dip  gently  to  the  west.  The  Stormy  Lake  uranium  showing  is 
located  on  the  northerly  limb  of  such  an  F^  synclinal  fold 
and  Cote  (1970)  shows  this  pattern  of  folding  to  continue 
along  the  eastern  margin  of  the  Seal  Lake-Bruce  River  Group 
contact  further  to  the  south  (i.e.  synclincs  represented  by 
tongues  of  Seal  Lake  Group  sediments  protruding  easterly  into 
the  Bruce  River  volcanics).  The  second  period  of  folding 
(Fo)  (Plate  2)  is  represented  by  the  northerly  outlier  of 
Seal  Lake  sediments  and  volcanics,  Figure  24,  which  has  a 
tight  closure  to  the  north  (Plate  >)• 

Associated  with  the  second  period  of  folding  is 
the  development  of  a  regional  schistosity  which  generally 
strikes  northeast-southwest  and  dips  45°  to  the  southeast. 

In  places  this  has  crenulatcd  an  earlier  cleavage ,  notably  in 
the  finer  grained  sediments  where  an  earlier  fabric  related 
to  F^  folding  was  probably  developed. 

Two  prominent  directions  of  faulting  occur  within 
the  area,  a  north-south  and  northeast-southwest  set  of 
faults.  The  north-south  trending  Pocket  Knife  Fault  Zone 
is  a  major  structural  lineament  that  coincides  approximately 
with  the  eastern  limit  of  the  Seal  Lake  Group.  It  may  repre¬ 
sent  a  rejuvenated  crustal  break,  possibly  a  continuation  of 
the-  Nain-Churchill  boundary  (Greene,  1974;  Marten  and  Smyth, 
1975  )  •  The  northeast-southwest  trending  Minisinakwa  Shear 
(Ryan,  197&)  is  probably  related  to  foreland  thrusting  and 
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the  closure  of  tight  isoclinal  folds  (cf.  the  Bruce  River 
Syncline  which  is  bounded  to  the  north  and  south  by  the 
Bruce  River  and  Gravelly  River  shear  zones  respectively). 

3.3.1  Local  Geology  (Stratigraphy) 

The  local  geology  of  the  Stormy  Lake  showing  is 

shown  in  Figure  25,  and  plate  4,  an  area  approximately  0.4 
2 

km  in  size.  In  the  map  area  the  following  stratigraphy  has 
been  recognized:  Bruce  River  Group  porphyritic  rhyolites 
unconf ormably  overlain  by  a  thin  polymictic  conglomerate  bed 
of  the  Bessie  Lake  Formation  which  is  overlain  conformably 
by  schistose,  mafic  volcanic  rocks  with  intercalated  lenses 
of  blue-grey  quartzite.  This  is  overlain  by  a  quartz  cobble 
conglomerate  which  grades  laterally  and  vertically  into  a 
thick  unit  of  quartzites,  grits  and  conglomerate. 

The  Bruce  River  Volcanics  are  typically  porphyritic 
with  5-20%  phenocryts  of  feldspar  (5-5  mm)  and  rarely  blue 
quartz  eyes  (1-3  mm)  set  in  a  microcrystalline  felsic  matrix 
which  is  locally  a  quart z-s cricit c  schist  depending  on  the 
degree  of  metamorphism.  A  penetrative  cleavage  (D2)  is  per¬ 
vasive  throughout  the  unit.  In  thin  section  the  rhyolites 
consist  of  approximately  5_ 10%  of  bias t oporphyrit ic  phases 
of  K-feldspar,  raicrocline,  and  plagioclase  of  xenoblastic 
shape  set  in  an  equigranular  to  inequigranular  quartzo-f eld- 
spathic  matrix.  The  phenocrystic  phases  show  mortar-like 


/ 


Figure  25 


Local  Geology  of  the  Stormy  Lake  Uranium  Showing, 


Seal  Lake  Group  (Bessie  Lake  Formation): 


Quartzites,  quartz  pebble  quartzites,  grits;  6a, 
quartz  pebble  conglomerate. 
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structures  with  recrystallization  having  occurred  along  their 
margins  with  the  associated  development  of  muscovito  -  epi- 
dote.  Fracturing,  undulose  extinction,  development  of  de¬ 
formation  lamellae,  and  conversion  of  K-feldspar  to  micro- 
cline  are  common  indicating  the  effects  of  metamorphism. 
Quartz  eyes  are  rarely  preserved  but  instead  have  recry¬ 
stallized  to  a  finer  grained  aggregate  of  quartz 
grains  displaying  granoblas tic-polygonal  texture.  The  matrix 
consists  of  lenses  of  recrystallized  pumiceous  material  com¬ 
posed  of  quartz  and  K-feldspar,  set  in  a  finer  grained  quartz 
and  feldspar  aggregate  with  lesser  plagioclase  and  minor 
carbonate,  muscovite,  epidote,  sphene,  zircon,  magnetite, 
and  fluorite.  The  matrix  may  show  either  a  granoblastic 
elongate  or  polygonal  texture,  sometimes  varying  within  the 
same  section.  Any  schistoze  texture  within  the  rock  usually 
parallels  any  primary  igneous  banding  suggesting  isoclinal 
folding. 

Overlying  the  volcanics  unconf ormably  (plate  5)  is 
a  basal,  polymictic  conglomeratic  unit  which  grades  into  an 
arkosic  conglomerate.  The  polymictic  conglomerate  varies 
from  less  than  a  metre  to  a  few  metres  in  thickness  and  is 
typically  infolded  with  the  volcanics.  It  consists  of  round 
cobbles  and  boulders  of  quartzite,  jasper,  granitic  material, 
and  feldspar  porphyry  set  in  a  sand  and  gravel  size  matrix. 
The  material  is  poorly  sorted  and  the  matrix  seldomly  ac¬ 
counts  for  more  than  15-20%  of  the  rock.  This  basal  unit  is 
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overlain  by  an  arkosic  conglomerate  which  is  highly  indurated 
and  whose  components  are  commonly  stretched  due  to  subsequent 
deformation.  The  components  are  mainly  pebble  in  size  con¬ 
sisting  predominantly  of  quartz  with  jasper,  and  rock  frag¬ 
ments  forming  the  remainder  set  in  an  arkosic  matrix,  covered 
by  a  hematitic  stain.  This  unit  hosts  most  of  the  radio¬ 
active  occurrences  and  where  mineralization  occurs  the  de¬ 
velopment  of  chlorite,  massive  and  specular  hematite,  red  and 
white  carbonate  and  sericite  are  noticeable.  In  thin.,  sec¬ 
tion  the  rock  consists  of  recrystallized  quartz  pebbles  ex¬ 
hibiting  mortar  textures  set  in  a  matrix  composed  of  quartz, 
feldspar,  muscovite,  magnetite,  and  the  accessory  minerals 
sphenc  and  zircon,  all  coated  by  a  hematitic  stain.  The 
overall  texture  would  best  be  described  ns  cataclastic. 

The  overlying  unit  consists  of  blue-grey,  well 
cross-bedded  quartzites  which  arc  int crcalcat ed  with  chlorite 
schists  believed  to  be  mafic  volcanics.  The  quartzites  are 
typically  blue  in  color  and  contain  very  little  of  anything 
else  except  for  magnetite  which  defines  the  cross-bedding 
(Plate  6)  and  some  sericite  which  locally  imparts  a  good 
fabric  to  the  rock.  In  thin  section  the  rock  consists  of 
>90/o  quartz  which  shows  a  granoblastic-polygonal  texture, 
idioblastic  cubes  of  magnetite,  and  lenses  concentrated  with 
the  accessory  minerals  sphenc  and  zircon  comprising  50-75/° 
of  the  section  in  places  (Plate  7)»  Muscovite  is  present  in 
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some  sections  defining  a  lepidioblast ic  texture. 

The  chlorite  schists  contain  a  well  developed 
fabric  in  hand  specimen  and  in  a  few  instances  possible 
crenulation  surfaces  were  noted  indicating  two  periods  of 
deformation.  In  thin  section  they  consist  predominantly  of 
chlorite  and  intensely  altered  feldspar  which  is  sericitized 
and  sauss erit ized.  Carbonate  alteration  is  pervasive  and  in 
some  cases  may  locally  compose  75/o  of  the  section.  Although 
quite  thin  and  of  no  lateral  extent, in  the  surrounding  area 
some  very  thick  units  of  similar  chlorite  schists  were  seen 
on  regional  traverses.  Drummer  and  Mann  (1961)  also  report 
the  presence  of  thin  basaltic  flows  in  the  Bessie  Lake  For¬ 
mation.  Daragar  (197^)  reports  that  they  are  of  tholeiitic 
composition  and  arc  typical  plateau-type  basalts. 

The  blue  quartzites  are  overlain  quite  sharply  by 
a  quartz  cobble  conglomerate  (Plate  0).  This  unit,  which  is 
75  metres  thick  in  the  centre  of  the  map  area,  pinches  out 
along  strike  both  to  the  northwest  and  southeast.  It 
grades  upwards  from  a  quartz  cobble  conglomerate  composed  of 
90?o  quartz,  5%  dark  grey  chert,  and  5%  matrix  of  grit  to  a 
quartz  pebble  conglomerate.  The  percentages  stay  the  same 
until  the  upper  part  of  the  unit  whore  the  matrix  of  grit 
increases  to  25-30%  of  the  rock  and  in  this  instance  a  fabric 
is  developed.  The  quartz  grains  are  usually  elliptical  in 
shape  and  have  been  rotated  such  that  they  plunge  55  to  6 5 
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towards  the  west  or  southwest. 

The  quartz  pebble  conglomerate  grades  both  later¬ 
ally  and  vertically  into  a  thick  unit  composed  predominantly 
of  cross-bedded,  blue-grey  quartzites  and  coarse-grained 
grits  with  lesser  amounts  of  quartz  pebble  and  cobble  conglom¬ 
erate,  and  pelites.  The  quartzites  are  similar  to  the  ones 
already  described  with  the  cross-bedding  being  defined  by 
heavy  mineral  laminations  of  magnetite  which  occur  as  idio- 
blastic  octahedra.  The  pelites  are  a  dark  grey  or  black  rock 
with  a  well  developed  cleavage  and  in  thin  section  consist  pre¬ 
dominantly  of  sericite  with  carbonate  alteration  and  minor 
amounts  of  sphene  and  zircon  occurring  in  bands  parallel  to 
the  fabric.  Magnetite  occurs  os  irregular  streaks  within  the 
sections  parallel  to  the  fabric.  The  sandstones  are  quartz- 
rich  and  in  thin  section  individual  grains  can  be  seen  to  have 
recrystallized  and  to  be  granulated  on  their  margins.  Feldspar 
also  occurs  as  sandsize  grains  of  anhedral  shape  and  are  quite 
fresh,  and  are  usually  fractured  and  infilled  by  matrix  mat¬ 
erial  and  show  unduloze  extinction.  The  matrix  has  an  inequi- 
granular  texture  which  has  recrystallized  into  a  granoblastic 
elongate  aggregate  of  quartz  and  minor  feldspar  with  local  de¬ 
velopment  of  muscovite  and  some  epidote,  again  accessory  min¬ 
erals  are  present. 

3.3.2  Local  Structure 

In  the  vicinity  of  the  Stormy  Lake  showing  two 
phases  of  Grenville  age  deformation  (D^  and  D^)  can  be  recog- 
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nizeel.  The  first  phase  was  responsible  for  the  folding  of 
the  lithologies  into  n  large,  flat  lying  syncline  overturned 
to  the  south  and  plunging  gently  to  the  west  or  southwest. 
This  period  of  deformation  is  only  recognized  in  the  area 
from  regional  mapping  as  explained  earlier  and  because  of 
the  presence  of  a  crenulation  cleavage  seen  in  the  chlorite 
schists  and  some  local  erratics. 

The  second  phase  of  deformation  produced  isoclinal 
folds  plunging  steeply  to  the  south  or  southwest  with  an 
associated  penetrative  cleavage.  A  B  plot  of  the  poles  to 
bedding,  Figures  26  and  28,  show  that  the  general  trend  and 
plunge  of  the  fold  axes  for  these  F0  structures  is  N-S  and 

t-A 

30°  Q  193°*  Although  the  distribution  of  the  points  on  the 
stereogram  suggests  a  box-type  of  folding  this  is  believed 
to  be  duo  to  an  inadequate  number  of  points  plotted  plus  the 
fact  that  if  the  folds  are  isoclinal  then  statistically 
there  would  be  more  readings  taken  on  the  limbs  and  crests 
than  the  shoulders  of  the  folds.  A  plot  of  the  poles  to  the 
cleavage,  Figures  27  and  29  ,  shows  that  the  general  trend  of 
the  fabric  is  N  36°  E|dips  50°  SE.  Also  associated  with 
this  second  phase  of  deformation  is  the  local  development  of 
numerous  folds,  particularly  at  the  unconf ormable  contact 
between  the  rhyolites  and  basal  conglomerate  (Plate  9),  and 
the  rodding  of  the  quartz  cobbles  and  pebbles  in  unit  5-  The 
quartz  grains  generally  plunge  30-60°  to  the  west  or  south- 
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Structural  data  for  the  Stormy  Lake (uranium  deposit)  area 
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west  and  lie  in  the  plane  of  the  local  fabric. 

Fracturing  is  quite  prominent  in  the  area  and  since 
it  seems  to  control  the  uranium  mineralization  it  is  important 
to  understand  the  origin  of  these  structures.  Figure  30  shows 
a  rosette  plot  of  fractures  taken  in  the  map  area  with  two 
prominent  sets  developed  which  trend  005-020°  and  110-140° 
respectively.  The  trace  of  the  F fold  axis,  when  superim¬ 
posed  on  the  diagram  suggests  that  the  first  set  may  be 
radial  or  tensional  features  and  the  second  set  are  related 
to  shear  planes.  A  third  less  prominent  set  at  «~115°  may 
have  formed  as  a  result  of  tension  parallel  to  the  direction 
of  the  stress.  Thus,  both  of  these  fracture  patterns  can  be 
related  to  the  second  phase  of  deformation.  It  should  be 
noted  that  there  are  other  less  prominent  fracture  patterns 
developed  but  these  were  of  limited  extent  and  accounted  for 
only  a  fraction  of  the  total  number  measured. 

3.3.3  Metamorphism 

The  metamorphism  in  the  Stormy  Lake  area  is  gener¬ 
ally  of  low  grade,  corresponding  to  Winkler's  (1974)  low- 
grade  facies  characterized  by  the  assemblage  chlorite  +  zois- 
ite/clinozoisite  -  actinolite  -  quartz.  The  only  rocks  of  the 
area  which  are  helpful  in  determining  the  grade  of  metamorph¬ 
ism  are  the  mafic  volcanics,  now  chlorite  schists.  As  previ¬ 
ously  stated  these  consist  predominantly  of  chlorite  and  epidote 
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Rosette  plot  of  joints  and  fractures  showing  their 
relationship  to  F2  f°*d  axis. 


Figure  30 
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with  minor  sericite after  feldspar,  magnetite,  and 
carbonate  alteration.  This  assemblage  is  usually  referred 
to  as  greenschist.  The  other  rocks  of  the  area  offer  little 
assistance  being  characterized  by  the  presence  of  muscovite 
and  sometimes  minor  amounts  of  epidotc,  but  mostly  they  con¬ 
sist  of  recrystallized  quartz  with  minor  K-feldspar.  Where 
muscovite  is  present  it  is  usually  found  rimming  feldspar 
grains  thus  suggesting  that  it  formed  from  clay  alteration 
products  of  the  feldspars. 

However,  the  textures  of  the  sediments  and  felsic 
volcanics  do  offer  some  information  concerning  the  past  his¬ 
tory  of  metamorphism.  Granoblastic  elongate  aggregates  of 
quartz  and  feldspar  in  the  matrix  and  mortar  textures  of  the 
quartz  grains  suggest  high  pressure,  dynamic  metamorphism. 
This  is  also  suggested  by  the  feldspar  grains  in  both  the 
volcanics  and  sediments  which  show  undulose  extinction,  defor¬ 
med  twin  lamellae,  fracturing,  exsolution  twin  lamellae, 
and  some  inversion  of  orthoclase  to  microcline.  Where 
quartz  grains  have  recrystallizcd  arrested  grain  boundaries 
are  indicated  by  lobate  textures  suggesting  that  equilibrium 
conditions  were  not  everywhere  attained.  However,  the  exten¬ 
sive  development  of  a  granoblas tic-polygonal  texture,  most 
common  in  monomincralic  layers,  suggests  that  both  equi¬ 
librium  was  attained  and  that  post-tectonic  recrystalliza¬ 
tion  occurred.  At  this  time  the  numerous  quartz  veins  seen 
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in  the  area  were  probably  formed,  this  is  supported  by  plate 
10  showing  one  of  these  quarts  veins  containing  a  piece  of 
country  rock  which  exhibits  crenulation  cleavage.  Thus  it 
was  probably  during  the  waning  stages  of  metamorphism  that 
large  quantities  of  fluid  were  released  with  the  decrease  of 
pressure  permitting  the  development  of  granoblast ic-polygonal 
textures  in  the  rocks  and  the  formation  of  numerous  quartz 
veins . 

3.4  Mineralization 

Uranium  mineralization  at  the  Stormy  Lake  showing 
is  located  in  two  zones,  the  first  and  most  important  is  lo¬ 
cated  at  the  unconformity  between  the  Pa 1 eohelikian  Druce 
River  volcanics  and  Neohelikian  Bessie  Lake  sediments.  The 
second  is  located  anproximat ely  275  metres  (800  feet)  strati- 
graphically  above  the  unconformity  in  quartzites  and  quartz 
pebbly  quartzites. 

The  uranium  mineralization  in  the  first  zone  is 
confined  to  north-south  fractures  (Plate  11)  and  quartz 
veins  in  an  arkosic  conglomerate  unit  immediately  above  the 
unconformity.  Five  of  the  seven  occurrences  seen  were  within 
this  zone  and  four  had  visible  pitchblende.  In  three  cases 
uranium  mineralization  was  noted  to  be  in  the  form  of  rods 
aligned  along  fractures,  generally  plunging  to  the  south  at 
30°  to  50°.  Several  erratics  showed  this  phenomenon  best 
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(Plate  12)  where  uranium  mineralization  as  pitchblende  formed 
on  an  original  fracture  surface  as  long  slender  rods.  The 
rods  were  the  full  length  of  the  boulders  varying  from  15-30 
cm.  In  other  instances  pitchblende  was  seen  to  form  within 
quartz  veins,  the  best  example  of  this  being  found  at  the 
far  northwest  corner  of  the  map  area  where  the  arkosic  con¬ 
glomerate  has  been  invaded  by  numerous  north-south  trending 
quartz  veins.  It  may  be  significant  to  note  that  the  veins 
were  not  seen  to  extend  into  the  underlying  volcanics. 

The  second  zone  of  radioactivity  was  void  of  visi¬ 
ble,  primary  uranium  mineralization,  but  secondary  yellow  and 
orange  uranium  oxides  were  seen.  Mineralization  appeared  to 
be  confined  to  vertical  fractures  generally  aligned  northwest 
southeast.  The  zones  of  radioactivity  gave  scintillometer 
readings  of  5-10  times  background  values. 

The  composition  of  four  pitchblende  samples  used 
for  dating,  as  determined  from  isotopic  dilution  analysis, 
is  presented  in  Table  11.  Except  for  samples  S-8  and  S-8^ 
the  uranium  content  is  quite  low  due  to  surface  weathering 
and  therefore  leaching  of  the  uranium.  Semiquant itative  micro 
probe  analysis  were  also  performed  and  the  same  phenomenon 
prevailed  as  illustrated  in  a  chart  recording  of  an  EDA  spec¬ 
trum,  Figure  51»  The  high  lead  peak  is  due  entirely  to  radio 
genic  load  as  no  galena  was  present.  In  general,  the  ratio 
of  U/Pb  (counts)  over  400  second  periods  varied  from  1.0  to 
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0.2  for  several  different  samples  analyzed- 

The  abundance  of  thorium  was  found  to  be  insignifi¬ 
cant  from  field  work  by  the  use  of  a  McPhar  TV-1  discrimina¬ 
ting  scintillometer.  Thus  isotopic  dilution  analysis  to  de- 

p7p  p()r! 

termine  the  abundance  of  thorium  and  to  obtain  a  ^  Th/  Pb 
age  was  felt  unwarranted.  The  absence  of  thorium  was  con¬ 
firmed  from  microprobe  analysis,  however,  the  high  ^°^Pb 
values  obtained  from  isotopic  dilution  contradict  this  unless 
it  is  not  of  radiogenic  origin.  This  problem  will  be  discus¬ 
sed  elsewhere. 

Associated  with  the  uranium  mineralization  in  vary¬ 
ing  amounts  were  specular  hematite,  red  and  white  carbonate, 
chalcopyrit e ,  pyritc,  malachite,  fluorite,  chlorite  and  quartz. 
In  addition  to  this,  Robinson  (195 6)  also  reported  a  vein  of 
chalcocite  with  native  silver  and  Marten  and  Smyth  (1975) 
mention  the  presence  of  galena.  The  specular  hematite  usually 
occurred  as  large  (1-2  cm),  tabular  rhombohedral  crystals  in 
quartz  veins  (Plate  13)-  Hematite  also  occurred  in  a  dendri¬ 
tic  form,  as  massive,  fine-grained  specularite  coating  frac¬ 
tures  or  at  the  contact  between  quartz  veins  and  the  country 
rock,  and  in  polished  specimens  small  blades  of  hematite  can 
be  seen  intergrown  with  the  pitchblende  (Plate  14 ) .  Fluorite 
is  fairly  ubiquitous  next  to  specular  hematite  and  occurs 
cither  as  fine-grained  bands  parallel  to  the  local  schistosity 
in  the  sediments  and  volcanics  (Plate  15 ) i  or  os  cubic  crys- 
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tals  up  to  0.5  cm  in  size  in  veins.  It  is  characterized  by 
its  dark  purple  color,  a  color  often  attributed  to  the  pre¬ 
sence  or  near-proximity  of  uranium. 

3.5.1  Fluid  Inclusions  (Introduction) 

Previous  studies  of  fluid  inclusions  pertaining 
to  uranium  mineralization  are  few  due  to  the  fact  that  many 
of  the  fluid  inclusions  are  hosted  by  minerals  which  were  not 
deposited  contemporaneously  with  the  uraniferous  phases  (Rich 
et  al. ,  1977).  In  the  Stormy  Lake  area  uranium  mineralization 
is  intimately  associated  with  quartz  veining  thus  permitting 
a  study  of  this  sort  to  be  undertaken  and  provide  information 
concerning  the  nature  of  the  ore  bearing  fluid.  Being  such 
a  controversial  point  (cf.  Gabblcman,  1977J  Rich  et  al. , 

1977)  it  was  hoped  that  the  study  would  elucidate  more  about 
the  nature  of  the  ore  fluids,  their  composition,  and  lend  in¬ 
formation  towards  solving  the  genesis  of  the  Stormy  Lake  ur¬ 
anium  mineralization. 

3.5.2  Previous  Work  as  Applied  to  Uranium  Deposits 

Roedder  (1963,  1967,  1977)  discusses  the  application 
of  fluid  inclusion  research  to  the  study  of  ore  deposits  in 
general  and  Rich  et  al.  (1977)  speak  of  fluid  inclusions  with 
specific  reference  to  "hydrothermal”  uranium  deposits  and 
vein-type  deposits  respectively. 

The  temperature  of  homogenization  for  hydrothermal 
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uranium  deposits  generally  falls  in  the  range  100-200°C. 

Rostov  ct  al  .  (1971)  and  Hogovo  ct  al.  (1971)  found  the 

temperature  of  formation  for  hydrothermal  U-Mo  deposits  to 
be  around  200°C,  however,  Darsukov  et  al.  (1971)  gave  a  tem¬ 
perature  of  formation  of  112-l45°C  for  a  U-Mo  deposit.  Stu¬ 
dies  by  Leroy  and  Poty  (19&9)  and  Poty  et  al.  (1974)  indicate 
temperatures  in  excess  of  300°C  for  the  "uranium  stage”  for 
the  deposits  of  Limousin,  France.  Of  course,  all  these  values 
are  dependent  on  the  salinity  of  the  solutions  and  depth  of 
formation  and  in  all  cases  the  appropriate  corrections  may 
not  have  been  applied.  With  the  notable  exception  of  the  data 
of  Leroy  and  Poty,  filling  temperatures  for  the  deposition  of 
hydrothermal  deposits  are  < 190°C  and  the  majority  are  less 
than  150°C  (Rich  et  al. ,  1977)- 

Although  the  majority  of  fluid  inclusions  contain 
only  two  phases,  Poty  et  al . ( 1974 ) ,  Rugova  et  a 1 .  (1971)  and 
Morton  et  al.  (1978)  have  analyzed  inclusion  containing  a 
third  phase,  C0o ,  and  in  high  concentrations  (cf.  100  g  C0o/ 
Kg  Ho0 ) .  The  presence  of  such  a  phase  in  the  temperature 
range  100-200°C  possibly  permitted  greater  amounts  of  uranium 
to  be  carried  in  the  ore  solution  (Poty,  1979)- 

3.5-3  Procedure 

Six  samples  from  five  quartz  veins  and  one  fluorite 
erratic  were  prepared  and  analyzed  in  the  conventional  manner 

(1963,  1967).  Specimens  were  cut  to 


as  described  by  Roedder 
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approximately  3  mm  thickness  and  then  polished  on  both  sides 
down  to  l/i  diamond  paste  while  being  taken  to  a  final  thick¬ 
ness  of  -^0.5  mm.  The  specimens  were  then  studied  petrogra- 
phically  to  determine  the  phases  present  before  proceeding 
with  the  heating  and  freezing  experiments.  The  freezing  and 
heating  was  carried  out  on  a  Chaixmcca  microthermometry  ap¬ 
paratus,  capable  of  a  temperature  range  of  -200  to  +  600°  C. 
The  apparatus  consists  of  a  heating  and  freezing  stage, 
mounted  on  a  Leitz  microscope;  a  console  with  temperature 
readout  either  manually  or  mechanically  controlled^  and  appar¬ 
atus  for  temperature  exchange  and  cooling.  The  cooler  con¬ 
sists  of  a  dewar  flask  which  houses  a  copper  coil  leading  to 
the  freezing  stage.  The  flask  is  filled  with  liquid  nitrogen 
and  gaseous  nitrogen  passed  through  the  copper  coil  into  the 
stage  causing  depression  of  the  temperature.  The  heating  is 
carried  out  by  heating  resistance  ( l8v  -  8.5A).  For  tempera¬ 
ture  determinations,  the  sensor  is  a  platinum  resistor  (100 
ohms  at  0°C)  connected  to  a  linear  bridge  and  then  to  a  four- 
digits  temperature  readout.  Resolution  is  -  0.1°C.  Calibra¬ 
tion  of  the  stage  was  carried  out  by  Mawer  (1977)  and  for  any 
particulars  other  than  described  above,  the  interested  person 
is  referred  to  him. 

3 .5.^  Analysis  and  Results 

Six  specimens  were  studied  in  alljfive  quartz  and 
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one  fluorite.  The  localities  are  shown  in  Figure  25  for  the 
specimens;  the  fluorite  was  from  an  erratic  boulder  found  by 
a  trench  where  uranium  mineralization  is  known  to  occur. 

The  primary  fluid  inclusions  (plate  l6)  consisted 
of  two  phases:  an  aqueous  brine  and  a  vapor  phase,  and  were 
ubiquitous  in  all  specimens  analyzed.  In  a  few  instances  a 
third  phase,  a  long  acicular  solid  was  observed  in  the  inclu 
sions  in  the  quartz  specimens  (possibly  a  sulfate),  and  in 
the  fluorite  a  cubic  phase,  possibly  halite,  was  seen  (plate 
17).  Their  shapes  varied  from  elliptical,  rectangular  and 
rounded  to  good  negative  crystal  shapes.  The  inclusions  in 
the  fluorite  tended  to  be  larger  on  the  average  (100-200  mi¬ 
crons)  as  compared  to  the  inclusions  in  the  quartz  samples. 
The  ratio  of  the  volume  of  liquid  to  vapor  phase  was  constant 
in  the  quartz  specimens,  thus  negating  any  possibility  of  ef¬ 
fervescence  having  occurred.  However,  in  the  fluorite  spec¬ 
imen,  evidence  was  observed  suggesting  that  boiling  had 
occurred  as  the  ratio  of  the  volume  of  liquid  to  vapor  phase 
varied  substantially  (i.e.  from  15-20:1  to  1:5)- 

Results  of  the  freezing  experiments  are  presented 
as  histograms  in  Figures  32  to  38.  Referring  to  Figure  30 
from  Roedder  (1962)  one  can  determine  the  corresponding  sal¬ 
inity  as  a  result  of  the  depression  of  the  freezing  point 
caused  by  the  salt  concentration  in  the  fluid  phase.  One 
assumes  that  the  majority  of  the  salt  is  NaCl,  which  is 
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thought  to  bo  an  acceptable  generality.  The  corresponding 
concentration  for  the  quartz  samples  is  1^-16  wt/o  equivalent 
NaCl  and  for  tne  fluorite  specimen  21  wt%  equivalent  NaCl. 

The  high  concentration  of  equivalent  NaCl  in  the  fluorite 
fluid  inclusions,  up  to  23/6  for  some  of  the  inclusions,  would 
support  the  previously  stated  observation  of  halite  in  some 
of  the  inclusions. 

Results  of  the  heating  experiments  are  presented 
as  histograms  in  FigUres  32  to  J>6  and  a  combined  plot  of  all 
the  quartz  data  in  Figure  3^-  Examined  separately  specimens 
S-4 0  and  S  — 17  appear  to  have  a  univariant  distribution  and 
the  filling  temperatures  for  the  two  localities  agree  within 
error  at  approximately  130°C.  Each  of  the  remaining  quartz 
specimens  show  a  bimodal  distribution  which  is  better  illus¬ 
trated  in  the  combined  plot  showing  two  peaks  at  120-130°C 
and  130-l60°C.  It  was  thought  that  the  rather  broad  distri¬ 
bution  of  homogenization  temperatures  for  S-l  may  have  indi¬ 
cated  a  history  of  boiling  but  rc-cxaminat ion  of  this  specimen 
provided  no  evidence  to  support  this  hypothesis.  The  data 

for  the  fluorite,  Figure  37 1  specimen  shows- a  univariant  dis- 

» 

tribution  around  a  low  temperature  with  a  few  results  dis¬ 
tributed  towards  higher  temperatures.  This  tight  distribution 
would  proscribe  against  there  having  been  any  boiling,  however, 
this  will  be  discussed  in  greater  detail  later. 


. 
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Figure  38  Combined  histogram  plot  of  homogenization 
temperatures  for  quartz  fluid  inclusions 
from  Stormy  Lake.  A  bi variant  distribution 
of  the  data  suggests  two  filling  temperatures 
of  125  C  and  150  C 
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3.5.5  Discussion  and  Interpretation 

Homogenization  temperatures  in  fluid  inclusions  have 
long  been  recognized  as  representing  the  minimum  temperature 
of  entrapment  for  the  contained  fluid  (Sorby,  1857  in  Roedder, 
1977).  However,  this  is  only  true  provided  the  lithostatic 
pressure  did  not  exceed  the  vapor  pressure  of  the  solution. 

In  circumstances  where  this  is  not  the  case,  then  an  appropri¬ 
ate  temperature  correction  based  upon  the  volumetric  proper¬ 
ties  of  the  solution  in  the  fluid  inclusion  is  required  to 
obtain  the  true  temperatures  of  entrapment.  Potter  (1977) 
has  compiled  data  to  produce  such  diagrams  as  in  Figure  ^lO 
for  a  solution  containing  15  wt/6  NaCl.  Knowing  the  composi¬ 
tion  of  the  fluid  inclusions  obtained  from  freezing  experi¬ 
ments,  and  the  pressure  at  the  time  of  entrapment  the  appro¬ 
priate  correction  can  be  made. 

In  the  case  of  the  Stormy  Lake  area,  no  information 
was  available  to  calculate  the  lithostatic  pressure  during 
the  formation  of  the  quartz  veins  and  the  fluid  inclusions 
and  without  this  data  no  temperature  correction  could  be 
applied.  To  solve  this  problem  the  oxygen  isotopic  composi¬ 
tion  of  quartz  and  hematite,  found  together  in  the  veins,  was 
obtained  in  order  to  estimate  a  temperature  of  formation  in¬ 
dependent  of  pressure  (Taylor,  19^7 )•  Oxygon  isotopic  data 
on  the  quart z—hetna tit e  pairs  from  the  Stormy  Lake  area  suggest 
a  temperature  of  formation  of  150  C  for  the  quartz  veins,  thus 
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indicating  that  the  veins  formed  very  near  the  surface  and 
that  only  a  minimal  temperature  correction  for  lithostatic 
pressure  is  required. 

Data  from  the  heating  experiments  suggested  two 
homogenit .izati  on  temperatures  at  125°C  and  150°C.  The 
latter  temperature  would  be  obtained  if  vein  formation  occur¬ 
red  at  or  near  the  surface,  however,  if  the  fluid  was  trapped 
at  —500  metres  depth  the  filling  temperature  would  be  depressed 
~25°C  (Figure  40  ) .  Thus,  the  bimodal  distribution  of  the  homo¬ 
genization  temperatures  may  reflect  a  two-stage  history  in 
the  crystallization  of  the  vein  solution. 

Referring  to  Figure  4l  from  Haas  (1971)  for  boiling 
point  curves  for  Ilo0  liquids  with  varying  brine  compositions 

1 

one  notices  that  for  a  brine  of  ~ 15  wt%  NaCl,  approximately 
what  the  Stormy  Lake  samples  are,  boiling  occurs  at ~ 30  metres 
depth  for  a  temperature  of  150°C.  From  petrographic  study 
we  concluded  that  little  evidence  existed  to  support  a  past 
history  of  boiling  for  the  vein  solutions,  thus  the  minimum 
depth  of  vein  formation  must  have  been  between  metres. 

However,  taking  errors  into  account  and  considering  the  close 
proximity  to  the  surface  it  is  possible  that  some  solutions 
may  have  ascended  to  shallower  depths  and  mixed  with  solutions 
of  lower  salt  concentration  permitting  some  boiling  to  occur 
resulting  in  a  broad  distribution  of  filling  temperatures  os 
in  specimen  S-l.  Oxygen  studies  also  suggest  that  mixing  of 


Temperature  correction  diagram  for  a  15  per¬ 
cent  NaCl  solution  as  a  function  of  homogeniza¬ 
tion  temperature  and  pressure (after  Potter,  1977) 
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Figure  41  Boiling-point  curves  for  H^O  licruid 
(0  wt.%)  and  for  brine  of  constant  comp¬ 
osition  given  in  wt.%  NaCl.  Insert  expands 
the  relations  between  100°C  and  150°C 
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meteoric  water  and  metamorphic  water  occurred  (see  later). 

The  relative  position  of  the  fluorite  sample  with 
respect  to  the  quartz  specimens  is  not  known  from  field  work. 
However,  combining  the  knowledge  that  the  concentration  of 
salts  is  ~21  wt%  and  the  temperature  of  homogenization  is 
~130  -  38°C,  and  that  the  system  was  boiling  would  suggest 
a  depth  of  formation  of  ^75  metres.  The  few  filling  tempera¬ 
tures  at  the  upper  end  of  Figure  37  for  the  fluorite  may  rep¬ 
resent  the  effects  of  boiling  in  the  system. 

3.5-6  Conclusions 

Fluid  inclusion  studies  of  five  quartz  veins  and  one 
fluorite  erratic  suggest  a  two-stage  sequence  of  vein  forma¬ 
tion  which  is  reflected  in  a  bimodal  distribution  of  the  homo¬ 
genization  temperatures.  Vein  solutions,  containing  approxi¬ 
mately  1^1— 16  wt/o  NaCl,  first  began  to  crystallize  at  a  depth 
of  300  metres.  Final  mineralization  apparently  was  effected 
at  shallower  depths.  Knowing  the  composition  of  the  vein 
solution,  and  that  boiling  did  not  occur,  a  minimum  depth  of 
30  metres  is  suggested  for  final  vein  formation.  A  lower 
temperature  of  homogenization,  higher  salt  concentration 
(~21  wt/o  NaCl),  and  petrographic  evidence  supporting  boiling 
suggests  that  the  fluorite  specimen  represents  a  shallower 
level  of  crystallization  of  ~75  metres,  but  this  does  not  re¬ 
flect  the  range  indicated  by  the  filling  temperatures  and  is 
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considered  only  an  approximation. 

3 . 6  Oxygen  Isotope  Study 

An  oxygen  isotope  study  was  undertaken  to  augment 
the  fluid  inclusion  investigation  carried  out  on  the  Stormy 
Lake  quartz  veins  associated  with  the  uranium  mineralization. 
From  the  isotopic  composition  of  mineral  pairs  analyzed  it 
is  possible  to  calculate  the  paleot emperat ur es ,  demonstrate 
whether  equilibrium  between  minerals  was  obtained,  and 
gather  information  on  the  origin,  nature,  and  amount  of 
fluid  which  participated  in  the  ore-forming  process  (Taylor, 
1967).  The  theoretical  basis  for  oxygen  isotope  geothermom- 
etry  was  given  by  Urey  (19^7)  and  Bigeleisen  and  Mayer  (19^7) 
and  its  application  to  ore  genesis  and  the  ore  fluid  was  re¬ 
viewed  by  Taylor  (1967). 

When  a  solid  phase  is  crystallized  in  a  hydrother¬ 
mal  process  in  local  equilibrium  the  isotopic  composition  of 
the  mineral  in  that  phase  will  depend  on  (i)  the  overall  iso¬ 
topic  composition  of  the  system  of  fluid  and  crystals  in 
equilibrium  with  it;  (ii)  the  chemical  nature  and  relative 
amounts  of  the  fluid  and  of  the  other  solid  phases;  and  (iii) 
the  temperature  of  the  system  (Clayton  and  Epstein,  1961). 
Knowing  the  temperature  of  the  system,  obtained  either  from 
oxygen  isotopic  analysis  of  mineral  pairs  or  fluid  inclusion 
studies,  and  the  isotopic  composition  of  the  mineral  phase 
one  con  calculate  the  isotopic  composition  of  the  fluid  phase 
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provided  the  fractionation  factor  (c<)  betweem  the  mineral 
phase  and  water  is  available.  For  example,  in  the  case  of 
quartz- water . 


iT  2  x  106  +  B 
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Clayton  &  Epstein,  1961) 


and  the  value  of  T  C  is  obtained  from  either  the  fluid  in¬ 
clusion  study  or  mineral  pairs  (quartz-hematite)  and  paleo- 
temperatures  obtained  from  oxygen  isotopic  analysis  (T  =  150°C). 

Several  samples  were  analyzed  from  different  local¬ 
ities  in  the  Stormy  Lake  area  and  the  results  are  presented 
in  Figure  r\2 .  Only  in  sample  S-3b  was  a  paleot emperature 
calculated  as  it  was  the  only  instance  where  the  two  phases 
analyzed  were  in  equilibrium  with  each  other,  in  this  in¬ 
stance  a  temperature  of  150°C  was  obtained,  Figure  43,  for 
quartz-hematite  =  21.6.  The  values  obtained  for  the  differ¬ 
ent  minerals  are  quite  anomalous  in  some  instances;  for  example, 
the  quartz  6^0  values  are  very  heavy,  +13«5  -+l/i.3/oo,  for 
hydrothermal  vein  deposits  but  they  compare  to  similar  results 
obtained  for  quartz  from  Port  Radium  (Taylor,  1967),  Eldorado, 
Martin  Lake,  and  the  Tazin  area  ( K.  Hattori,  personal  commun¬ 
ication,  1979)  •  It  is  interesting  to  note  that  Taylor  and 
Epstein  (1962a)  reported  S^O  values  of~10%  for  quartz  from 
several  igneous  complexes,  much  lighter  than  the  Stormy 
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diagram  for  quartz-magnetite  and 
quartz-calcite  pairs  from  Taylor 
(1967) .  Note  that  the  quartz- 
magnetite  curve  has  been  extra¬ 
polated  above  1000  In  a-^  =  ^ 
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Lake  values,  but  that  Clayton  and  Epstein  (1958)  report  anal¬ 
ysis  of  quartz  from  hydrothermal  veins  with  oven  heavier 


18. 


values . 

Calculations  of  the  £  '  '0  values  of  tlr  participating 
fluids  were  calculated  using  the  data  of  Clayton  et  al.  (1972) 
for  quartz  and  the  data  of  Rye  and  O'Neil  (1964)  for  calc i to. 
The  results  in  Table  12  show  a  very  narrow  range  indicating 
little  change  in  the  composition  of  the  ore  fluid  suggesting 
a  large  reservoir.  The  values  of  ^ -1  to  -2%o  arc  however 
much  lighter  than  those  usually  obtained  for  hydrothermal  de¬ 
posits  and  are  heavier  than  values  of  metamorph i c  regions. 
Instead  the  values  arc  more  typical  of  meteoric  or  connote 
fluids  (Taylor,  1967),  but  ,  Ilattori  (personal  communica¬ 
tion,  1979)  points  out  that  such  6^0  enriched  moderate  tem¬ 
perature  fluid  is  very  unusual  in  the  terrestrial  environment 


at  the  present  time. 


Although  the  oxygen  isotopes  suggest  a  moderate 


temperature  for  mineralization  at  Stormy  Lake  ('■'■' 15  0°C  )  ,  they 
lend  little  help  in  determining  the  origin  of  the  ore-forming 
fluids.  S^O  values  obtained  on  quartz  arc  anomalously  en¬ 
riched  in  "^0  compared  to  magmatic  and  metamorphic  values  and 
the  £  (  0  values  calculated  for  the  ore  forming  fluid  are  well 
outside  the  range  usually  observed  for  hydrothermal  fluids 
(i.e.  7. 5-9?6o).  Instead,  the  values  obtained  arc  more  akin 

to  those  for  connate  or  meteoric  waters  suggesting  that 
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TABLE  12 


Calculated 


of 


the  hydrothermal  solutions 


from  which 

quartz  and 

calcite  precipitated 

Quartz 

n 

18 

18 

sample 

T  C 

cC 

fi  0  quartz 

K  0  water 

(%) 

(%) 

2nd  blast 

150 

1.0156 

+  14.5 

-1.0 

+  14.2 

-1.3 

3rd  blast 

150 

1.0156 

+  14.6 

-0.9 

SL-17 

150 

1.0156 

+  13.9 

-1.  6 

S4-1 

150 

1.0156 

+  13.5 

-2.0 

SL-40 

150 

1.0156 

+  14.0 

-1.5 

Calcite 

sample 

H 

0 

O 

c C 

6^0  cnlcito 
(%) 

g^O  water 

2nd  blast 

150 

1.0134 

+  11.1 

-2. 17 

SL-40-1 

150 

1.0154 

+  13.5 

+0.23 
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supergene  fluids  may  have  participated  in  the  ore  forming 

1 8 

process  with  a  slight  increase  in  their  S  0  content  due 
to  increased  temperatures  at  depth,  and  also  their  mixing 
with  heavier  metamorphic  fluids. 


3.7  Uranium-Lead  Dating 


Four  specimens  were  selected  for  U-Pb  dating  of 
the  Stormy  Lake  showing.  The  procedure  is  described  in  Ap¬ 
pendix  I  and  the  results  are  presented  in  Table  11  and 
plotted  on  a  concordia  diagram  in  Figure  44.  As  can  be  seen 
from  the  concordia  plot  the  points  do  not  show  a  simple 
linear  relationship  but  instead  scatter  above  the  concordia 
curve  indicating  either  loss  of  uranium  and/or  gain  of  lead. 
Although  the  points  do  scatter  a  reference  line  of  950  Ma 
has  been  included  as  this  is  the  age  of  mineralization  sug¬ 
gested  from  geological  data. 

The  2°^Pb/2°^Pb  ages  of  the  four  samples  range  from 
640-1230  Ma ,  however,  the  two  intermediate  ages  given  by  sam¬ 
ples  S-8  (860  Ma)  and  S-8  (990  Ma)  are  believed  to  be  more 
reliable.  They  have  higher  uranium  contents,  43-7%  and  20.  7% 
respectively,  suggesting  less  weathered  specimens  and  the 
spread  of  the  2°6Pb/255U,  2°7Pb/23Z*U  and  2°7Pb/~°6Pb  ages  is 

less  or  in  other  words  the  points  are  more  concordant. 

206_  ,204, 


Examination  of  the  Pb-I.R.  ratios  for 


Pb/  Pb 


indicate  surprisingly  low  values  ranging  from  80  —  156, 


S-40-2 
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*WfPb/"*U 

Figure44 

Concordia  diagram  for  Storrry  Lake  U-Pb  data 


155 


very  atypical  of  a  vein-type  deposit.  Also  peculiar  about 
the  analyses  is  the  presence  of  2<“^Pb ,  as  thorium  was 
thought  to  be  absent  in  the  pitchblende  mineralization  since 
low  readings  were  obtained  on  the  thorium  channel  of  a  self- 
discriminating  scintillometer.  This  was  confirmed  by  micro¬ 
probing  as  mentioned  earlier.  Thus  the  2°^Pb  is  interpreted 
as  normal  lead,  representing  a  period  of  isotopic  modification 

of  the  pitchblende  during  which  time  2°^Pb ,  2^Pb,  2(^Pb ,  and 

204  207  204 

Pb  were  incorporated  into  the  system.  A  Pb/  Pb  versus 

2(^Pb/2^ *Pb  isochron  plot  of  the  pitchblende  samples  is  pre¬ 
sented  to  Figure  45.  The  scatter  of  some  of  the  I. R.  and  I.D. 
values  for  single  samples  (i.e.  S-40-1)  may  be  related  to 
sample  inhomogeneity,  perhaps  reflecting  i)  surficial  weath¬ 
ering  of  the  mineralization,  ii)  subsequent  modification  of 
the  U-Pb  system  by  an  event  post  dating  the  original  mineral¬ 
ization,  and/or  iii)  original  heterogeneity  at  the  time  of 
uranium  mineralization. 

The  quasi-linear  trend  of  the  data  in  Figure  45  in¬ 
dicates  an  age  of  490  Ma.  Although  no  significance  can  be 
attached  to  this  date  one  can  interpret  the  Figure  as  indica¬ 
ting  a  multistage  growth  model  for  the  U-Pb  system(s)  (i.e. 
a  minimum  of  three  stages  to  account  for  the  data).  This  sug¬ 
gests  that  at  some  time  post  original  mineralization  an  un¬ 
known  amount  of  common  lead  was  added  to  the  radiogenic  lead(s) 
changing  the  position  of  the  point(s)  on  the  lead  growth  curve. 
In  an  attempt  to  determine  the  timing  of  this  event  values  for 
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207  206 

Pb  and  Pb  concentrations  were  calculated  for  different 
times  assuming  i)  that  the  ^°^Pb  in  the  samples  was  nonradio- 
genic  (i.e.  not  from  the  decay  of  thorium),  ii)  that  ths  same 
amount  of  lead  was  added  to  each  system,  and  iii)  using  the 
appropriate  204 . 206 : 207 : 208 .  Pb  ratios  at  each  time.  However, 
the  points  scattered  in  a  pattern  far  more  sporadic  than  be¬ 
fore  the  recalculations  perhaps  indicating  that  the  addition 
of  normal  lead  to  the  U-Pb  systems  was  not  homogeneous.  If 
this  was  the  case  then  it  would  render  the  apparent  age  indi¬ 
cated  from  the  quasi-linear  relationship  of  the  points  in 
Figure  45  meaningless  as  mentioned  earlier. 

In  summary  vein-type  uranium  mineralization  at 
Stormy  Lake  was  generated  some  time  before  900  Ma  age  during 
an  event  associated  with  the  Grenville  orogeny.  Contamination 

of  the  uranium-lead  system  by  normal  lead  is  suggested  by  the 

208  207  204 

presence  of  Pb  (i.e.  absence  of  Thorium)  and  a  Pb/“  Pb 

206  204 

versus  Pb/  Pb  plot  which  indicates  a  meaningless  age  of 
490  Ma.  This  net  effect  of  this  period  of  contamination 
with  recent  weathering  of  the  pitchblende  was  to  move  the 
points  above  the  concordia  curve  and  scatter  them  in  a  non¬ 
linear  fashion. 


3.8  Discussion  and  Interpretation 

The  vein— type  uranium  mineralization  at  Stormy  Lake 
shares  many  similarities  with  the  recently  discovered  deposits 
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of  northern  Saskatchewan  (Beck,  1977),  Australia  (Ryan,  1977), 
the  long  established  Beaverlodge  area  (Beck,  1969;  Koeppel, 
1968),  and  the  Goldfields  area  of  Saskatchewan  (Robinson, 

1956;  Christie,  1955).  'Hie  most  important  characteristic 
shared  by  these  areas  is  the  spatial  relationship  of  vein- 
type  uranium  mineralization  to  major  unconformities,  all  of 
which  arc  Proterozoic  in  age.  This  relationship  between  min¬ 
eralization  and  an  unconformity  led  Derry  (in  Beck,  1977)  to 
coin  the  term  "unconformity-type  deposit1#  and  with  it  came 
two  divergent  schools  of  thought,  each  professing  their  ideas 
on  the  genesis  of  these  new  deposits.  The  supergene  or  per- 
descendum  school  (Langford,  197^;  Kn.ipping,  197^;  Smith, 

197^;  Robertson  and  Lattanzi,  197^;  Dalkamp,  1976)  believes 
that  mineralization  is  related  to  extensive  periods  of  deep 
weathering  during  which  time  uranium  was  leached  from  local 
basement  terrain  and  redeposited  in  structurally  prepared 
sites  at  or  near  unconformities.  The  liypogene  or  hydrother¬ 
mal  school  (Beck,  1977;  Ryan,  1977;  Koeppel,  I960;  Robinson, 
1956;  Morton,  1976)  believes  that  ascending  fluids,  possibly 
of  metnmorphic  or  diagenctic  origin,  carried  uranium  from 
Aphebian  sediments  into  new  areas  favorable  for  uranium  con¬ 
centration  with  unconformities  acting  as  physio— chemical 
boundaries  helping  to  initiate  mineralization. 

Uranium  mineralization  at  Stormy  Lake  corresponds 


to  the  "simple  monomincrolic  type"  characterized  by  pitchblende 
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-  pyr.it  c,  galena,  quartz  and  carbonate  ( 13ns  tin,  1939),  as 
opposed  to  the  "complex  type"  where  associated  mineralization 
included  Ag,  Ni ,  Co,  arsenides,  selcnides,  and  tcllurides. 
Everhart  and  Wright  (1953)  noted  that  the  "simple  type"  was 
moro  commonly  hosted  by  felsic  intrusivos  and  the  latter  by 
metas  diments.  However,  Rodham' s  (197^)  U  -  Co,  Ni ,  Ag  as¬ 
sociation  is  characteristic  of  calcalkaline  intrusive-vol¬ 
canic  terrains  and  the  unconformity-type  deposits  may  be 
either  the  complex  type  (cf.  Baker  Lake,  Key  Lake,  Mid  West, 
Cluff  Lake)  or  simple  mineralogical  type  (Rabbit  Lake). 

The  low  thorium  contents  of  the  uranium  mineraliz¬ 
ation  at  Stormy  Lake  suggests  a  remobilized  nature  although 
it  is  not  characteristic  of  either  hypogene  or  supergenc  pro¬ 
cesses.  Analysis  of  five  pitchblende  samples  from  Goldfields 
gave  maximum  thorium  values  of  0.0097?o  (Collins  e t  a  1 .  ,  195/0, 
but  ,  Knipping  ( 197/l  )  interpreted  the  simple  mineralogy 
and  absence  of  REE,  Co,  Ni ,  Ag  and  thorium  at  Rabbit  Lake  to 
indicate  a  low  temperature  supergene  origin.  Langford  (197/0 
states  that  the  high  temperature  assemblage  of  Ni,  Cu,  As, 

Sc,  Co,  etc.,  characteristic  of  the  unconformity-type  of  de¬ 
posits  (i.e.  Cluff  Lake,  Mid  West,  Key  Lake)  are  hypogene  in 
origin  but  that  the  pitchblende  is  later  .and  occurs  as  coat¬ 
ings  on  the  earlier  minerals,  and  the  origin  of  the  uranium 
is  supergene.  However,  the  intense  calcareous,  chloritic, 
hematitic  and  sericitic  alteration  immediately  adjacent  to  the 
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veins  at  Stormy  Lake  certainly  lend  themselves  to  a  hypogcne 
rather  than  supergene  origin  as  Kocppcl  (i960)  also  favored 
for  the  Bcaverlodge  area. 

For  most  of  the  "unconformity  related"  deposits  the 
uranium  mineralization  rarely  extends  for  more  than  a  few  hun¬ 
dred  metres  below  the  unconf ormable  surface  (Langford,  1974; 
McMillain,  1977;  Smith,  1974).  The  extent  of  the  uranium  min¬ 
eralization  at  depth  for  the  Stormy  Lake  area  is  not  known, 
however,  the  above  is  not  considered  to  be  a  deterent  in 
future  exploration  in  the  area.  Also  the  above  is  not  con¬ 
sidered  to  favor  either  a  hypogene  or  supergene  origin  for 
it  can  be  interpreted  in  either  context.  What  is  of  import¬ 
ance  is  that  the  structural  traps  hosting  the  mineralization 
continue  to  sufficient  depth  to  have  permitted  economically 
viable  concentrations  of  ore  to  have  precipitated.  For  the 
Stormy  Lake  area  this  is  quite  likely,  considering  the  struc¬ 
tures  arc  an  effect  of  regional  deformation.  However,  it 
should  be  noted  that  fluid  inclusion  and  oxygen  isotope  stu¬ 
dies  indicated  an  extremely  shallow  depth  for  the  formation 
of  the  quartz  veins  so  that  in  the  Stormy  Lake  area  subsequent 
denudation  may  have  eroded  away  much  of  the  m.ineralizcition.  Never¬ 
theless  ,  folding  of  the  area  may  have  buried  some  of  the  un¬ 
conformity  making  synclinal  structures  better  targets. 

Transport  of  the  uranium  phase  (i.e.  the  uranium 


ore  fluid)  prior  to  deposition  was  probably  as  a  uranylcarbon- 


,  I 
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ate  ( Hostetler  and  Garrcls,  1  9  2 )  or  a  uranylf luoridc  complex 
(Gabbleman,  1977),  since  both  carbonate  and  fluorite  arc 
associated  with  the  uranium  mineralization.  As  to 
which  of  these  was  the  dominant  species  is  difficult  to  say 
for  the  literature  contains  contradictory  arguments.  Hos¬ 
tetler  and  Garrets  (1962)  showed  the  importance  of  uranium 
solubility  in  aqueous  media  containing  dissolved  C0o  but 
noted  that  the  uranyl  carbonate  complexes  become  increasingly 
unstable  at  temperatures  greater  than  120°C.  This  was  con¬ 
firmed  by  other  workers  who  showed  that  uranium  solubility 
in  carbonate  solutions  diminishes  by  a  factor  of  about  lOOx 
between  100-200°C  (Rafalsky,  1959;  Miller,  1958). 

Poty  (1977)  documented  uranium  formation  from  a  C0o-IIo0  fluid 

<  L-J 

phase  at  3^5°C  at  timousin,  France,  and  Morton  et  al.  (197$) 
found  similar  results  for  uranium  mineralization  in  the 
Rcxspar  deposit,  British  Columbia.  It  is  interesting  to  note 
that  in  the  latter  case  Preto  (1978)  reports  the  association 
of  purple  fluorite  with  uranium  mineralization.  However, 
with  respect  to  uranylcarbona t cs ,  Rombergcr  (1978)  concluded 
from  solubility  studies  up  to  300°C  that  carbonate  complcxing 
was  less  important  at  elevated  temperatures  for  the  transport 
of  uranium  and  that  in  deposits  containing  fluorine,  uranyl” 
fluoride  complexes  are  most  important.  This  agrees  with 
Gabbl emans  (1977)  conclusion  that  for  the  temperature  range 
200-/l00°C  UF/j  is  the  stable  transporting  complex. 


For  the 
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Stormy  Lake  showing,  no  conclusive  answer  can  really  be  ob¬ 
tained  concerning  the  complexing  agent  although  it  is  believed 
to  be  one  of  either  uranylcarbonat e  or  uranlf luoride ,  or  per¬ 
haps  both. 

The  association  of  uranium  mineralization  with 
quartz  veins  cutting  crenulated  schists  indicates  that  the 
mineralization  occurred  during  the  waning  stages  of  regional 
metamorphism  (i.e.  Grenville  Orogeny).  Yermolaye v  ( 1973 ) 
noted  that  regional  metaraorphism  often  terminates  with  a  re¬ 
gressive  stage  associated  with  the  onset  of  local  hydrother¬ 
mal  activity  accompanied  by  an  influx  of  radio  elements.  This 
may  well  have  been  the  case  in  the  Stormy  Lake  area.  Whether 
the  uranium  is  of  local  or  regional  origin  is  not  known,  al¬ 
though  the  arkosic  conglomerates  of  the  Bessie  Lake  Formation, 
basal  member  of  the  Seal  Lake  Group,  are  known  to  have  anoma¬ 
lous  radioactive  zones  regionally  (Baragar,  1969;  Cote,  1970). 
The  felsic  volcanics  of  the  Bruce  River  Group  also  contain 
radioactive  horizons  at  the  Boundary  Lake  showing  (Robinson, 
1956)  and  the  Madsen  Lake  showings  (Piche,  1956),  both  loca¬ 
ted  a  few  kilometres  from  Stormy  Lake.  It  may  be  significant 
that  in  the  latter  two  cases  uranium  is  associated  with  flu¬ 
orite  in  the  felsic  volcanics.  If  the  uranium  was  derived 
from  the  volcanics  then  this  might  indicate  transport  as  ur— 
anylfluoride  complexes  rather  than  as  uranylcarbonat e  complexes. 

pluid  inclusion  and  oxygen  isotopic  studies  suggest 
a  moderate  temperature  (i.e.  150°C  for  the  ore  forming  pro- 
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cess  with  the  ore  fluid  enriched  in  salts  (  ^  15  wt?6  NaCl) 
and  a  connate  or  meteoric  component  participating.  Also  a 
rather  shallow  depth  was  indicated  for  the  formation  of 
quartz  veins  intimately  related  to  the  uranium  mineraliza¬ 
tion.  What  component  of  uranium  may  have  been  contributed 
from  the  supergene  process  indicated  here  is  not  known  but 
it  is  important  to  realize  that  it  may  have  been  substantial 
although  no  concrete  evidence  is  presented  to  favor  either 
a  super  -  or  hypogene  source. 

In  summary,  the  Stormy  Lake  showing  is  an  "uncon¬ 
formity-type"  vein  deposit  corresponding  to  the  "simple  type" 
with  pitchblende  and  chalcopyrit e, pyrit e ,  quartz,  carbonate 
and  minor  fluorite,  and  also  traces  of  silver.  Structural 
data  indicates  the  mineralizing  event  occurred  during  the 
waning  stages  of  the  Grenville  orogeny  during  decreasing 
temperatures  and  pressures  and  that  structural  traps  related 
to  D0  deformation  were  important  in  localizing  mineral iza- 

Cm * 

tion.  Fluid  inclusion  studies  suggest  a  fluid  enriched  in 
salts  and  combined  with  oxygen  isotope  results  indicate  a 
moderate  temperature  of  formation  (150°C),  shallow  depth,  and 
a  fluid  composed  of  both  a  supergene  and  metnmorphic  com¬ 
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CHAPTER  4 


THE  BURNT  LAKE  AREA 

4.1  Introduction  and  Previous  Work 

The  Burnt  Lake  Uranium  showing  is  located  on  the 
northwest  side  of  Burnt  Lake  (Figure  3)  within  felsic  volcan- 
ics  of  the  Aphebian  Aillik  Group.  Several  showings  were 
found  within  this  area  by  Brinex  in  1967  (Gandhi  et  al. , 
1973)i  only  the  main,  or  north  showing,  was  mapped  and 

examined  in  detail. 

The  area  was  previously  mapped  in  detail  by  Barua 
(1969)  and  Gandhi  et  al.  (1976)  and  was  included  in  the  re¬ 
gional  maps  of  Watson-White  (1971;  1976)^  Stevenson  (1970), 
Krajewski  (1976),  and  Bailey  (1978).  During  the  summer  of 
1977  Brinex  carried  out  detailed  mapping  and  geophysics  con¬ 
centrated  around  the  north  showing  and  this  was  followed  by 
a  drilling  and  trenching  program.  A  mapping  program  was  also 
undertaken  by  Brinex  within  this  area  during  the  1978  field 
season. 

Mapping  of  the  Burnt  Lake  north  showing  by  the 

author  was  carried  out  during  the  latter  part  of  July  and  the 

first  half  of  August,  1977.  Inclement  weather  prevailed  the 

entire  length  of  the  mapping  program.  Mapping  of  the  north 

2 

showing  was  restricted  to  an  area  0.2  km  in  size  and  also 
to  another  showing  further  to  the  west,  approximately  2500 
metres,  of  nearly  the  same  size.  Regional  mapping  of  the 
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area  at  a  1:5000  scale  was  also  attempted  but  insufficient 
time  prevented  drafting  of  a  map  as  the  geology  of  the  area 
was  not  understood  adequately  to  permit  valid  interpretations 
to  be  made, 

4.2  Regional  Geology 

The  Burnt  Lake  area,  Figure  3»  consists  predomin¬ 
antly  of  felsic  volcanics  and  sediments  of  the  Aphebian 
Aillik  Group  in  the  north  and  is  underlain  by  a  large  Hudson- 
ian  (?),  granite  body  in  the  south.  The  volcanics  are  of 
rhyolitic  composition  (Bailey,  1978)  dominated  by  a  feldspar 
porphyritic  character  with  varying  amounts  of  elliptical, 
blue  quartz  crystals.  The  volcanic  textures  vary  from  welded 
to  nonwelded  and  in  the  former  case  may  display  eutaxitic 
textures  suggestive  of  an  ignimbritic  or  pyroclastic  origin 
(Ross  and  Smith,  1961).  Watson-White  (1976)  describes  tex¬ 
tures  within  these  volcanic  rocks  further  to  the  west  which 
suggest  a  past  history  of  devitrification,  metasomatism  and 
replacement  caused  by  alkaline  hydrothermal  fluids,  of  either 
magmatic  or  meteoric  origin.  The  sediments  are  typically 
massive,  pink,  gray  and  white,  arkosic  —  and  quartzitic  — 
sandstones.  In  some  places  heavy  mineral  laminations  define 
original  sedimentary  structures  such  as  cross— bedding  and 
planar-bedding  (Bailey,  1978). 

The  volcanics  are  intruded  by  a  monzonit ic-to-gran- 
itic  body,  part  of  a  large  complex  batholith  termed  the  Walker 
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Lake  Granite,  dated  by  the  Rb/Sr  method  at  1550  —  50  Ma  (?). 
Within  the  Burnt  Lake  area  the  intrusion  is  composed  predom¬ 
inantly  of  leucocratic  phases  of  monzonite,  quartz  monzonite 
and  granite  with  a  lesser  amount  of  biotite  granite  occurring 
south  of  Stevens  Lake.  Xenoliths  of  dioritic  material  are 
frequently  found  within  the  body  and  Bailey  (1978)  reports 
that  some  dykes  of  leucocratic  granite  cut  the  granodiorite 
phases • 

Cutting  both  the  volcanic-sedimentary  pile  and  the 
plutonic  rocks  are  northeast  trending  gabbroic  dykes.  These 
dykes  are  part  of  the  Michael  Gabbro  (Fahrig  and  Larochelle, 
1972)  and  have  been  dated  by  the  K-Ar  method  at  1000  Ma 
(Gandhi  et  al. ,  1969). 

The  area  has  been  subjected  to  tight  isoclinal  fold¬ 
ing  and  to  reverse  faulting.  The  folds  are  synclinal  with 
the  anticlinal  folds  being  faulted  off  due  to  extreme  com¬ 
pression.  The  axial  planes  strike  northeast  and  dip  steeply 
to  the  south.  The  folds  have  wavelengths  of  approximately 
1  km  and  an  associated  northeast-southwest  trending  fabric 
is  recognizable  in  the  field.  Bailey  (1978)  suggests  that 
the  presence  of  slickenslides  and  L-fabric  mineral  lineations 
show  ».  that  the  faults  are  of  the  reverse  type  and  very  steep. 
Although  there  are  few  major  faults  or  shear  zones  within  the 
area,  numerous  splays  are  seen  and  locally  shear  zones  are 
developed  in  the  rocks  sometimes  altering  the  original  com¬ 
position  and  texture  to  that  of  a  mylonite. 
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4.3«1  Local  Geology  (Stratigraphy) 

Mapping  of  the  local  geology  of  the  north  showing 

o 

covered  an  area  of  approximately  0.2  km  ,  Figure  46.  Within 
the  map  area  the  following  stratigraphy  can  be  recognized; 
the  western  part  of  the  map  is  underlain  by  an  undifferentia¬ 
ted  unit  consisting  of  quartz  porphyry,  feldspar  porphyry, 
and  quartz  feldspar  porphyry.  These  are  overlain  by  the 
mineralized  unit  characterized  by  a  green  banding  (layer  of 
pyroxene  and  amphibole)  in  a  felsic  tuff;  overlying  the  min¬ 
eralized  unit  in  the  east  is  a  feldspar  porphyry  unit.  The 
volcanics  are  intruded  by  a  leucogranite  in  the  east  and  both 
of  these  units  are  in  turn  cut  by  lamprophyre  dykes. 

The  oldest  unit  outcrops  in  the  western  and  north¬ 
ern  parts  of  the  map  area  and  consists  of  several  different 
subunits,  all  of  which  are  discontinuous.  These  include  tuffs, 
welded  tuffs,  quartz  porphyries,  feldspar  porphyries,  quartz 
feldspar  porphyries,  lapilli  tuffs,  and  fragmental  units. 

The  quartz  phenocrysts  (1-4  mm)  are  characterized  by  their 
blue  color  and  elliptical  habit.  The  K-feldspar  phenocrysts 
(3-8  mm)  are  anhedral  to  subhedral  with  rectangular  and  sub¬ 
rounded  shapes.  The  lapilli  tuffs  consist  of  elliptical, 
white  fragments  of  1—3  cm  size  which  comprise  approximately 
75-80%  of  the  rock,  set  in  a  fine-grained  greenish  colored 
matrix  (plate  l8).  In  thin  section  the  rocks  show  anhedral 
feldspars  and  recrystallized  quartz  eyes  set  in  a  granoblastic 
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Figure  46 

Local  Geology  of  the  Burnt  Lake  Uranium  Showing 
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polygonal  to  elongate,  quartzo-f eldspathic  matrix.  Original 
welding  textures  are  represented  by  coarser  lenses  of  quartz 
and  feldspar  displaying  good  triple  point  development  and 
which  wrap  themselves  around  phenocrysts  where  present. 

Minor  amounts  of  aegerine  augite  and  seldomly  riebeckite, 
biotite  and  chlorite  are  present  in  the  matrix  but  never 
forming  a  major  constituent.  A  cleavage  is  developed  in  the 
rocks  and  is  easily  recognizable  in  the  field. 

Overlying  the  undifferentiated  unit  is  the  "miner — 
alized  unit,’1  so  termed  because  it  contains  the  uranium  min¬ 
eralization.  Although  it  consists  of  lapilli  tuffs,  porphy¬ 
ries,  massive  tuffs,  etc.  This  unit  is  characterized  by  a 
mafic  banding  (Elate  19)  consisting  of  aeg irine-augit e  and 
magnesioriebeckit e ,  this  was  originally  mapped  as  a  chloritic 
alteration  (Kontak,  1978).  Within  this  unit  are  three  lenses 
of  quartz  feldspar  porphyry,  feldspar  porphyry  and  massive 
welded  tuffs  which  do  not  show  the  mafic  banding.  The  mafic 
banding,  typically  0.5  cm  thick,  can  be  seen  to  wrap  itself 
around  feldspar  and  quartz  phenocrysts  in  a  eutaxitic-like 
texture  (  late  20).  Abundant  red  hematitic  alteration  is  also 
quite  pervasive  throughout  this  unit:,  probably  resulting  from 
oxidation  of  magnetite  which  is  present  as  finely  disseminated 
octahedra  (1-2%).  Intercalated  within  this  unit  are  fragmen¬ 
tal  units  containing  angular  fragments  of  fine-grained,  dark 
material  whose  origin  was  not  resolved,  as  none  of  it  was  seen 
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in  situ  within  the  area.  Also,  pegmatite  like  veinlets  of 
massive,  fine-grained  quartzo-f eldspathic  material  were  seen 
cutting  across  the  banding  discordantly  (Plate  21),  these  have 
been  interpreted  as  representing  the  remnants  of  underlying 
massive  tuffs  which  were  disrupted  and  incorporated  in  over- 
lying  flows. 

Several  thin  sections  were  examined  to  determine 
the  nature  and  origin  of  the  mafic  banding.  It  should  be 
noted  that  a  similar  type  of  banding  has  been  noted  by  Mina- 
tidis  (1976)  in  the  Michelin  area  and  by  Adamek  (1976)  in  the 
Kopparasen  greenstone  belt,  Sweden.  In  thin  section  the 
mafic  bands  can  be  seen  to  consist  predominantly  of  acmite 
and  aegirine-augit e  which  occur  as  bands,  aggregates,  and 
disseminated  grains.  A  blue— green  ainphibole,  magnesiorie— 
beckite,  is  sometimes  present  but  in  smaller  quantities  and 
in  places  appears  to  be  replacing  earlier  pyroxene.  The  areas 
containing  these  minerals  are  separated  from  the  rest  of  the 
section  by  discrete  contacts  (Plate  22)  and  the  bands  are  par¬ 
allel  to  what  are  believed  to  be  primary  igneous  textures. 

The  identification  of  these  two  phases  was  confirmed  by  elec- 
tronmicroprobe  studies,  the  results  of  which  will  be  discussed 
later. 

The  mafic  minerals  occur  in  quartzo-f eldspathic 
rocks  typically  of  porphyritic  character  and  of  tuffaceous 
origin.  Porphyritic  phases  (0.5-5  mm)  consist  of  quartz, 
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orthoclase,  microcline,  plagioclase,  and  anorthoclase  set  in 
a  fine-grained  quartz-feldspar  matrix,  which  displays  a  well 
developed  granoblastic  polygonal  or  elongate  texture.  In 
the  latter  case  the  microfabric  parallels  the  mafic  banding 
except  in  a  few  instances,  the  implications  of  which  will  be 
discussed  under  structure.  The  quartz  phenocrysts,  typically 
blue  elliptical  grains,  have  recrystallized  and  now  consist 
of  an  aggregate  of  quartz  grains  showing  either  a  granoblas¬ 
tic,  polygonal  texture  or  lobate  intergrowths  of  the  quartz 
grains.  In  some  cases  the  quartz  eyes  have  recrystallized 
into  a  fine-grained  aggregate  indistinguishable  from  the 
matrix.  Where  original  quartz  phenocrysts  have  survived  re¬ 
crystallization  or  are  only  partially  broken  down  they  are 
badly  corroded  and  show  undulatory  extinction.  Feldspar  pheno¬ 
crysts  consisting  of  several  varieties  are  present  and  these 
show  both  primary  and  secondary  features,  the  latter  being 
due  to  replacement  and  are  typical  of  pyroclastic  volcanics 
(Ross  and  Smith,  1961;  Smith,  i960).  Orthoclase  occurs  as 
anhedral  grains,  often  showing  granulated  margins  and  invasion 
by  the  matrix  along  fractures.  Perthitic  varieties  are  quite 
common,  the  variety  occurring  is  string  perthites.  Where  un¬ 
twinned  orthoclase  has  recrystallized  along  its  margins  it 
is  common  to  find  a  cross-hatched,  twinned  feldspar,  (most 
likely  microcline).  This  same  feature  was  also  noted  by 
Watson-White  (1976)  and  attributed  to  secondary  replacement. 
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Orthoclas  e  is  usually  quite  fresh  with  only  minor  secondary 
alteration  products.  Plagioclase  occurs  as  anhedra  1,  pri¬ 
mary  oligoclas  e  and  andesine,  and  also  as  chessboard  albite 
which  replaces  the  former  in  varying  amounts.  Oligoclase 
and  andesine  are  quite  fresh  with  secondary  development  of 
carbonate  and  epidote  occasionally  found  in  the  centres  of 
the  grains.  It  is  not  uncommon  to  find  overgrowths  of  K-feldspar 
spar  mantling  plagioclase  phenocrysts  or  find  K-feldspar  as 

patches  within  plagioclase  grains.  However,  the  most  common 

of 

replacement  plagioclase  occurs  as  chessboard  albite  either 

entirely  or  partially  replacing  an  earlier  phase. 

* 

Microcline  was  seen  as  phenocrysts  only  rarely, 
occurring  most  often  in  the  matrix  or  as  an  alteration  pro¬ 
duct  of  orthoclase  and  was  distinguished  from  chessboard  al¬ 
bite  by  staining.  The  presence  of  anorthoclase  was  suggested 
by  the  2V  value  of  50°  in  some  feldspars  and  its  presence 
seems  reasonable  considering  the  sodium-rich  nature  of  the 
volcanic  rocks  (see  later). 

The  matrix  of  the  volcanic  rocks  consist  predomin¬ 
antly  of  quartz  and  K-feldspar  with  lesser  amounts  of  plagio¬ 
clase,  microcline,  mafic  minerals  (pyroxene,  amphibole,  bio- 
tite),  magnetite  and  accessory  zircon  and  apatite.  A  grano- 
blastic  polygonal  texture  is  well  developed  and  pervasive  in 
all  the  sections  examined.  Notable  was  the  absence  of  any 
coarser  bands  of  quartz  and  feldspar  which  is  typical  of  the 
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units  bounding  the  mineralized  unit  and  suggestive  of  remnant 
pieces  of  flattened  pumiceous  material.  The  absence  of  such 
a  feature  may  suggest  that  unit  was  essentially  nonwelded  in 
character. 

In  one  section  fragments  (1-15  cm)  of  granitic 
material  were  seen,  these  contained  quartz  (10-15%),  plagio- 
clase  (30-40% J,  K-feldspar  (10%),  pyroxene  (30-35%),  amphibole 
(5-10%)  with  minor  pitchblende  associated  with  the  pyroxene. 
As  in  the  volcanics  the  pyroxene  is  acgerine-augit e  and  the 
amphibole  a  blue  green  variety,  riebeckite.  The  plagioclase 
is  the  c/ominant  phase  occurring  as  coarse  (3-4  mm),  subhedral 
grains  of  andesine  composition,  with  alteration  to  epidote 
only  very  slight.  Quartz  occurs  as  finer  grained,  granulated 
grains  forming  a  matrix  for  the  plagioclase  and  glomeropor- 
phyritic  aggregates  of  pyroxene  and  amphibole.  In  some  frag¬ 
ments  invasion  of  the  granitic  clast  by  the  volcanic  matrix 
has  occurred.  No  apparent  reaction  rim  enveloping  the  frag¬ 
ments  was  observed.  The  presence  of  these  fragments  contain¬ 
ing  the  alkali  minerals  aegerine-augit e  and  riebeckite  and 
associated  uranium  mineralization  suggest  a  coeval  relation¬ 
ship  with  the  volcanics  and  also  a  possible  high  level,  sub- 
volcanic  intrusive  relationship. 

Bounding  the  mineralized  unit  to  the  east  and  fui 
ther  to  the  south  is  a  porphyry  unit,  dominated  by  feldspar 
phenocrysts  and  by  minor  quartz  phenocrysts. 


This  unit  is 
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similar  to  the  undifferentiated  unit  described  earlier  with 
feldspar  phenocrysts  in  a  granoblastic  polygonal  matrix  of 
quartz  and  feldspar  with  minor  plagioclase  and  microcline. 
Coarse  lenses  of  quartz  and  feldspar  attest  to  the  welded 
character  of  the  volcanics.  In  one  section  three  euhedral 
to  subhedral  grains  of  almandine  garnet  were  seen. 

Intruding  the  volcanic  pile,  and  outcropping  in  the 
southeastern  part  of  the  map  area,  is  a  leucogranite  which 
corresponds  to  unit  5b  (fine-medium  grained,  grey  and  pink 
leucogranite  and  quartz  monzonite)  on  Bailey’s  (1978)  regional 
map.  Along  the  contact  with  the  volcanics,  several  pegmatite 
dykes  can  be  seen  cutting  the  rhyolites,  they  are  composed  of 
quartz  and  feldspar  and  are  coarse-grained  (1-1.5  cm). 

The  leucogranite  consists  of  quartz  (40-45%),  K- feld¬ 
spar  (30-35%)  and  plagioclase  (20-25%)  and  has  a  hypidiomor- 
phic,  granular  texture.  The  quartz  is  typically  recrystal¬ 
lized  and  granulated  into  finer  grained  aggregates,  forming 
a  matrix  for  the  rest  of  the  rock.  It  frequently  shows  undu— 
latory  extinction.  The  K-feldspar  is  orthoclase  with  a  per- 
thitic  variety  common.  It  is  typically  anhedral  to  subhedral 
and  occurs  as  separate  grains  or  rimming  plagioclase  and  is 
slightly  altered  to  sericite  with  undulose  extinction  common. 
The.  plagioclase  is  andesine  in  composition  and  is  frequently 
zoned  on  its  outer  margins.  Twinning  is  by  the  albite  and 
carlsbad  laws  and  less  commonly  pericline  twinning  is 
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developed.  It  is  very  fresh  with  only  minor  amounts  of  epi- 
dote  alteration  and  is  commonly  replaced  by  K-feldspar  ,  particu¬ 
larly  along  the  margins  and  less  often  in  the  centres  of 
grains  where  both  K-feldspar  and  plagioclase  have  begun  to  break 
down  to  finer  grained  aggregates  along  their  margins.  Tex¬ 
tures  are  typically  lobate  indicating  arrest  before  equili¬ 
brium  was  attained.  Accessory  zircon,  epidote,  and  apatite 
are  present  but  no  mafic  minerals.  In  one  section,  which 
showed  the  contact  between  the  granite  and  volcanics,  no 
chilled  margin  was  developed  in  the  granite  suggesting  that 
the  intrusion  was  into  a  heated  volcanic  pile,  permitting 
slow  crystallization  of  the  granite.  Again  a  close  associa¬ 
tion  in  time  between  the  volcanics  and  granite  is  likely. 

The  youngest  igneous  event  in  the  map  area  is  rep¬ 
resented  by  lamprophyre  dykes  which  cut  both  the  volcanics 
and  the  granite.  They  are  classified  as  vogesites  (Harker, 
1968)  due  to  the  dominance  of  riebeckite  (50%)  over  brown 
biotite  ( 10 %) .  Other  components  are  orthoclase  (20-25%) * 
plagioclase  (15%)  and  quartz  (5%)  and  opaques  (2-*3%)»  In  one 
section  the  feldspars  occurred  as  coarser  phases  along  with 
the  amphiboles  but  in  another  the  feldspars  and  quartz  formed 
a  finer  grained  matrix.  In  the  latter  case  the  rock  showed 
evidence  of  multiphase  deformation,  so  the  original  texture 
may  have  been  altered  by  subsequent  recrystallization.  The 
feldspars  are  all  badly  altered  to  sericite  and  epidote  and 
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have  corroded  rims.  Plagioclase  compositions  determined 
varied  between  An30  to  An38  and  the  grains  are  commonly 
mantled  by  orthoclase. 

4.3.2  Structure 

The  Burnt  Lake  area  has  undergone  polyphase  defor¬ 
mation,  although  within  the  map  area,  Figure  46,  only  one 
phase  predominates.  The  map  shows  the  area  to  be  generally 
highly  folded  into  anticlines  and  synclines  plunging  steeply 
to  the  southeast  with  minor  folds  on  the  limbs.  This  struc¬ 
ture  was  defined  by  mapping  the  mafic  banding  as  a  planar 
fabric  thought  to  represent  primary  igneous  banding. 

A  plot  of  the  poles  to  bedding  is  shown  in  Figure 

47,  this  includes  the  mafic  banding  described  earlier  and 
also  igneous  banding  as  defined  by  eutaxitic  textures  in 
metaignimbritic  units.  The  measurements,  total  of  101,  were 
collected  from  both  the  north  showing  and  the  surrounding 
area.  The  poles  are  contoured  on  a  one  percent  equal  area 
projection,  Figure  49,  which  indicates  that  the  beds  have  been 
folded  fairly  symmetrically  about  a  fold  axis  which  trends 
105°  and  plunges  70°SE. 

A  plot  of  the  poles  to  cleavage  is  shown  in  Figure 

48,  the  measurements,  total  of  143 ,  were  again  from  the  north 
showing  and  surrounding  area.  As  can  be  seen  from  this  dia¬ 
gram  there  is  some  scatter,  but  a  broad  cluster  is  apparent 
in  the  northwestern  hemisphere.  The  poles  are  contoured  on 


. 


178 


Structural  data  for  the  Burnt  Lake (uranium  deposit) 
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a  one  percent  equal  area  projection,  Figure  50,  and  again  the 
same  pattern  is  indicated.  The  cluster  represents  an  average 
for  the  cleavage  measurements  of  048/70°S.  Figure  4  6  shows 
that  this  cleavage  is  generally  not  axial  planar  to  the  fold¬ 
ing  of  the  beds  as  the  trace  of  the  cleavage  only  contains 
the  plunge  of  the  fold  and  not  the  trace  of  the  fold  axis 
from  the  map. 

Although  the  TT  diagram  defines  the  general  trend 
of  the  cleavage,  quite  a  broad  scatter  is  evident.  If  this 
scatter  is  attributed  to  refolding  of  the  area  then  the  axis 
of  this  folding  trends  099°  and  plunges  3S°E.  From  the  map 
of  the  area  one  can  see  that  some  of  the  cleavages  do  not 
follow  the  general  NE-SW  trend,  thus  it  is  suggested  that 
this  may  have  been  the  result  of  refolding.  It  is  also  pos¬ 
sible  that  an  earlier  developed  fabric  has  been  folded  during 
the  same  event  that  produced  the  local  folding  since  the  two 
axis  of  70°  @  105°  and  3^°  @  99°  correspond  fairly  closely. 
The  earlier  fabric  may  be  an  axial  planar  cleavage  of  folds 
with  a  much  larger  wavelength  than  the  area  mapped  and  there¬ 
fore  not  detectable.  Although  several  crenulation  cleavages 
were  seen  in  the  lamprophyre  dykes  most  of  these  were  in 
erratics,  where  in  situ  the  crenulations  generally  had  an 
attitude  of  090/78°N.  Smyth  (personal  communication,  1978) 
also  reported  that  the  area  is  refolded  as  indicated  by 
additional  mapping  carried  out  by  Brinex  during  1978. 
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Evidence  of  refolding  was  sought  in  thin  sections  as  the 
development  of  an  S 2  fabric  should  cut  the  mafic  banding, 
but  ,  the  only  sections  which  showed  such  a  relationship 
happened  to  be  in  the  noses  of  the  F1  folds  and  the  schistose 
fabric  in  this  case  is  probably  S^, 

Although  it  is  believed  that  polyphase  deformation 
has  affected  the  area,  it  is  unknown  whether  both  of  these 
events  are  related  to  the  Hudsonian  Orogeny  or  if  the  latter 
may  be  related  to  the  Grenville  event.  However,  it  should  be 
noted  that  polyphase  deformation  of  Hudsonian  age  is  recorded 
in  rocks  of  the  lower  Aillik  Group  further  north  (Marten, 
1972;  Clark,  1971). 

4,4,1  Amphibole  and  Pyroxene  Analyses 

Analyses  of  amphibole  and  pyroxene  were  performed 
to  determine  precisely  their  composition  and  correct  classi¬ 
fication,  Grains  were  separated  (60-120  mesh  fraction)  and 
mounted  in  an  epoxy-resin  and  polished  for  electron  micro¬ 
probe  analysis.  An  ARL  (applied  research  laboratories)  "EMX" 
microprobe  was  employed  using  the  Energy  Dispersive  System 
(Smyth,  1976)  for  analyses  of  both  amphibole  and  pyroxene. 
Standards  were  probed  for  a  total  of  400  seconds  which  consis 
ted  of  eight  fifty-second  counts  on  random  positions  covering 
the  grains.  In  order  to  monitor  and  correct  drift  effects,  a 
willemite  standard  was  run  before  and  after  the  analysis  of 
the  samples.  For  the  amphibole  analyses  the  elemental  abun¬ 


dances  of  Na,  Mg,  Al,  Si,  K,  Ca,  Ti ,  Mn ,  Fe,  Zn  and  Cr  were 
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calculated  by  comparing  counts  on  the  samples  to  counts  ob- 
obtained  from  the  standards,  plagioclase  (Ca,  Al,  Na )  ,  Kaer- 
seitite  (Si,  Ti,  Fe,  Mg)  and  garnet  (Mn,  Cr).  For  pyroxene 
the  elemental  abundances  of  Na,  Mg,  Al,  Si,  Ca,  Cr,  Ti ,  Mn, 

Fe  were  calculated  and  the  standards  employed  were  willemito 
(Zn,  Mn),  plagioclase  (Na),  kaersutite  (Fe,  Ti ,  Si,  Mg,  Cr, 

K).  The  compositions  of  the  standards  used  in  the  study  are 
given  in  Table  13. 

4.4.2  Amphiboles 

Six  different  amphibole  grains,  taken  from  two  rock 
specimens  which  contained  a  high  amount  of  uranium  minerali¬ 
zation  (XRF  analysis  indicate  1800  ppm  and  2200  ppm) ,  were 
analyzed.  The  results  in  oxide  wt.  percent  are  given  in 
Table  14  along  with  their  calculated  structural  formulae  based 
on  23  oxygen.  Although  the  probe  is  not  presently  capable 
of  differentiating  between  ferrous  and  ferric  iron  (and  thus 
calculates  total  Fe)  the  analyses  presented  do  distinguish 
between  the  two.  This  was  done  by  assuming  an  Fe  :Fe  ratio 
of  1:4  which  is  typical  of  amphiboles  of  these  compositions 
(Deer  et  al. ,  1969)  and  thus  proportioning  the  total  Fe  con¬ 
tent  accordingly. 

The  amphiboles  analysed  belong  to  the  glaucophane- 
magnesioriebeckit e  series  (Appleman  et  al. ,  1966)  whore  the 
X  site  of  the  amphibole  structural  formula  (  A0-1X2Y3Z8°22 
(0H,0,F,Cl  )  is  filled  mostly  by  Na.  The  general  formula 

for  this  series  is. 
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Table  14 

Microprobc  Analyses  (weight%)  and  Structural  Formulae  of  Amphibole, 

Burnt  Lake , 


Sample 

B-54-1 

B-54-2 

B-54-3 

B-54-4 

A-l 

A-2 

sio2 

53.99 

54.  11 

54.65 

54.21 

52.90 

52.81 

A12°3 

0.96 

0.92 

0.82 

0.91 

1.39 

1.44 

FeO 

4.23 

4.28 

4.34 

4.31 

4.14 

4.17 

F62°3 

14.09 

14.27 

14.47 

14.36 

13.79 

13.91 

MnO 

1.28 

1.25 

1.10 

1.31 

1.88 

1.91 

MgO 

12.95 

12.74 

12.62 

12.61 

12.31 

12.06 

Ti02 

0. 16 

0. 18 

0.12 

0.10 

0.06 

0.12 

ZnO 

0.25 

0.24 

0.18 

0.23 

0.12 

0.09 

Cr2°3 

— 

— 

— 

— 

— 

0.05 

Na  0 

7.00 

7.08 

7.02 

6.96 

6.71 

6.77 

k2o 

0.74 

0.66 

0.66 

0.59 

0.58 

0.58 

CaO 

2.15 

2.03 

1.84 

1.95 

2.94 

2.89 

Total 

97.80 

97.76 

97.82 

97.54 

96.82 

96.80 

Si 

7.791 

7.808 

7.854 

7.829 

7.726 

7.722 

AliV 

0.156 

0.156 

0.138 

0.156 

0.246 

0.246 

A1V1 

„  +2 

0.511 

0.520 

0.518 

0.521 

0.509 

0.510 

Fe 

- 

Fe+3 

1.525 

1.543 

1.571 

1.562 

1.510 

1.529 

Mn 

0.156 

0.156 

0.138 

0.165 

0.237 

0.237 

Mg 

2.782 

2.739 

2.701 

2.717 

2.678 

2.627 

Ti 

0.018 

0.018 

0.018 

0.009 

0.009 

0.018 

Zn 

0.026 

0.026 

0.017 

0.026 

0.009 

0.009 

Cr 

— 

— 

— 

— 

— 

0.006 

Na 

1.958 

1.976 

1.950 

1.944 

1.896 

1.916 

K 

0. 138 

0.122 

0.120 

0.104 

0.106 

0.  106 

Ca 

0.329 

0.312 

0.285 

0.  304 

0.465 

0.457 

Zy-site 

5.018 

5.002 

5.125 

5.000 

4.952 

4.936 

Ex-site 

2.425 

2.410 

2.355 

2.352 

2.467 

2.479 
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(Na,K,Ca)2  (Mg,Fe+2 ,Fe+3 , Al SigO^  (OH,F,OtCl)2 

with  the  Al-rich  varieties  corresponding  to  glaucophane  and 

the  Mg  rich  varieties  magnesioriebeckit e ;  illustrated 

in  Figure  51  from  Ernst  (1962).  The  analyses  do  not  have  to 

conform  to  the  composition  of  the  ideal  end-member  and  quite 

often  the  sum  of  the  X+Y  ions  may  be  less  than  seven  (i.e. 

crocidolit es )  or  in  excess  of  seven  (i.e.  riebeckites)  (Deer 

et  al. ,  1969)-  The  latter  appears  to  be  the  general  case  here. 

Some  of  the  alkalis  probably  belong  in  the  A  site  due  to  the 

+  4 

subsituation  of  Al  for  Si  which  creates  a  charge  deficiency 
compensated  by  extra  alkali  cations  in  the  A  sites.  This  is 
represented  by  the  reaction, 

Al3+  +  (Na  +  K)  £  Si4+ 

Magnesioriebeckit e  (Plate  23)  occurs  as  slender  ac- 
cicular  crystals  in  thin  section  and  rarely  as  sections  cut 
perpendicular  to  the  C  crystallographic  axis  which  display 
the  characteristic  cleavage  pattern.  The  grains  are  strongly 
pleochroic  from  lavender— blue  (B)  or  blue  (tf)  to  colourless 
(« ) .  In  some  sections  cut  perpendicular  to  X  t0*)  the  grain 
remains  blue  during  rotation  of  the  stage.  Values  of  2V  are 
characteristically  low  approaching  0  and  the  optic  sign  is 
(— ).  Refractive  indices  were  not  measured  and  the  extinction 
angles  are  usually  <10°.  The  latter  physical  parameters  are 
variable  depending  on  thePo2  and  Ernst  (1962)  proscribes  their 
being  used  in  attempting  to  derive  the  chemical  composition 


(0H)2N02F?3AI2SieO22 


(OH)  No  F+e2  Fe3SiO 
2  2  3  2  8-2 
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Compositional  range  and  classification  of 
the  glaucophane-riebeckite  amphiboles. 

0  Amphiboles  from  Burnt  Lake 


Figure  51 
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of  Fe-bearing  amphiboles  from  their  optical  properties. 

Magnesioriebeckite  can  be  seen  to  be  replacing 
aegerine-augite  and  also  being  replaced  by  it,  in  addition 
to  it  being  altered  to  biotite.  The  biotite  is  characterized 
by  its  very  dark  brown  color,  probably  due  to  its  high  Fe 
content  which  resided  previously  in  the  amphibole.  In  gen¬ 
eral  the  amphibole  is  not  ubiquitous  except  in  lamprophyre 
dykes  where  it  may  account  for  15-20%  of  the  mode  or  in  the 
granite  fragments  found  in  volcanics  where  its  content  was 
15-20%. 

The  occurrence  of  magnesioriebeckite  and  the  other 
alkali  amphiboles  is  not  common  and  is  thought  to  result 
from  (i)  hypersodic  and  subcalcic  bulk  compositions,  or  (ii) 
through  physical  conditions  different  from  those  commonly 
attained  during  regional  metamorphism.  In  the  case  of  mag¬ 
nesioriebeckite  it  is  most  commonly  found  in  schists  or  low- 
grade  metasediments.  However,  Ernst  (1962)  has  shown  that 
magnesioriebeckite  is  actually  stable  over  very  broad  temper¬ 
ature  and  pressure  ranges  which  covers  a  large  part  of  regio¬ 
nal  metamorphic  conditions.  For  example,  White  (1962)  reports 
the  presence  of  magnesioriebeckite  in  schists  from  New  Zealand 
which  fall  in  the  almandine— amphibolite  facies  and  Milton  and 
Engster  (1959)  report  the  presence  of  authigenic  magnesio¬ 
riebeckite  in  the  Green  River  Formation  sediments.  Thus,  it 
likely  that  the  development  of  magnesioriebeckite  is 


is  more 
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controlled  by  bulk  composition  of  the  host  rock  (Ernst,  1962; 
White,  1962)  or  possibly  by  the  introduction  of  metasomatic 
fluids  rich  in  the  alkali  elements,  rather  than  regional  meta¬ 
morphism. 

In  the  case  of  the  occurrence  of  magnesioriebeckite 
at  Burnt  Lake  an  origin  related  to  metasomatism  is  favored 
where  fluids  rich  in  alkalis  were  introduced  into  felsic  tuffs 
not  known  to  be  of  unusual  bulk  composition  (i.e.  hypersodic 
or  subcalcic).  Evidence  supporting  this  contention  is  dis¬ 
cussed  under  whole  rock  geochemistry. 

4.4.3  Pyroxene  Analyses 

Nine  different  pyroxene  grains  were  analyzed,  some 
of  which  were  taken  from  the  same  specimens  that  were  used 
for  the  amphibole  analysis.  The  analyses  in  oxide  wt.  per¬ 
cent  are  given  in  Table  15  along  with  their  calculated  struc¬ 
tural  formulae  based  on  6  oxygens.  The  iron  content  was  as¬ 
sumed  to  be  all  ferric  although  the  ferrous  ion  may  be  pres¬ 
ent  as  indicated  by  the  list  of  analyses  given  by  Deer  et  al. 
(1969) ,  but  f  this  ratio  varied  too  much  to  permit  a  valid 
approximation  to  be  made* 

The  pyroxenes  analyzed  belong  to  the  aegerine- 

5  *4" 

augite  class  characterized  by  their  high  Na  and  Fe 
due  to  the  principal  reaction  of  replacement, 

NaFe^+  =  Ca  (Mg,Fe^+)* 


contents 
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Table  15 


Microprobe  Analysis  (weight%)  and  structural  formulae  of  Pyroxene, 

Burnt  Lake. 


Sample 

A- 1 

A-2 

A-3 

A-4 

B-54-1 

B-54-3 

B-54-2 

B-59-1 

B-59-2 

Si02 

51.83 

51.98 

51.87 

52.14 

52.18 

51.94 

52.38 

52.30 

51.64 

Al2°3 

0.68 

0.79 

0.54 

0.59 

0.81 

0.70 

0.88 

0.94 

0.46 

Fe2°3 

27.54 

27.06 

28.86 

29.06 

27.88 

28.19 

28.28 

31.53 

31.71 

MnO 

0.83 

0.99 

0.66 

0.68 

0.77 

0.82 

0.76 

0.37 

0.37 

MgO 

2.47 

2.76 

2.02 

2.66 

3.03 

2.83 

3.02 

1.30 

1.43 

Ti02 

— 

0.06 

0.06 

0.01 

0.10 

0.11 

0.09 

0.06 

0.01 

Cr2°3 

0.25 

0.24 

0.23 

0.07 

— 

0.07 

0.05 

0.07 

0.06 

Na20 

10.93 

10.50 

11.42 

11.47 

10.95 

11.05 

11.17 

12.39 

12.26 

CaO 

5. 12 

5.84 

4.00 

4.46 

5.21 

5.23 

5.21 

2.83 

2.85 

Total 

99.65 

100.22 

99.66 

101.13 

100.93 

100.94 

101.84 

101.79 

100.79 

Si 

1.983 

1.975 

1.987 

1.958 

1.970 

1.954 

1.965 

1.967 

1.967 

AliV 

0.017 

0.025 

0.013 

0.027 

0.030 

0.032 

0.035 

0.033 

0.023 

AlVi 

0.015 

0.012 

0.010 

— 

0.006 

— 

0.006 

0.008 

— 

Fe+3 

0.795 

0.776 

0.833 

0.821 

0.791 

0.801 

0.797 

0.895 

0.911 

Mn 

0.028 

0.032 

0.021 

0.023 

0.023 

0.027 

0.025 

0.011 

0.012 

Mg 

0. 140 

0.  158 

0. 115 

0.149 

0.170 

0.158 

0.169 

0.072 

0.082 

Ti 

— 

0.003 

0.003 

— 

0.003 

0.003 

0.003 

0.003 

— 

Cr 

0.009 

0.009 

0.009 

0.005 

— 

0.005 

0.003 

0.005 

0.001 

Na 

0.808 

0.772 

0.848 

0.906 

0.816 

0.878 

0.812 

0.904 

0.906 

Ca 

0.209 

0.237 

0.  163 

0.180 

0.211 

0.210 

0.210 

0.115 

0.117 

Ey-site 

0.987 

0.990 

0.991 

0.998 

0.993 

0.994 

1.003 

0.994 

1.006 

Ex-site 

1.017 

1.009 

1.011 

1.086 

1.027 

1.088 

1.022 

1.019 

1.023 
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The  analyses  suggest  that  this  reaction  did  not  go  to  com¬ 
pletion  due  to  the  relatively  high  contents  of  Ca  and  Mg 
which  are  present,  approximately  5%  and  2.5%  respectively, 
except  for  two  analyses.  This  would  either  have  been  due  to 
a  deficiency  in  the  amount  of  sodium  available  or  a  change  in 
P0o  causing  the  reaction  to  switch  to  the  right. 

The  pyroxenes  analyzed  fall  in  the  aegirine  field 
for  the  pyroxene  quadralat eral  plot  acmite  -  jadeite  - 
hedenbergite  -  Ca  tschermak  (Figure  52).  This  plot  points 
out  both  the  high  sodium  and  ferrous  contents  and  also  the 
very  low  aluminum  contents.  Note  that  a  small  change  in  the 
ferrous : f erric  ratio  will  not  move  the  points  very  far  on  the 
diagram.  In  figure  53  the  pyroxenes  analyzed  plot  in  the 
iron-rich  part  of  the  aegerine  field  about  an  isotherm 
which  indicates  a  temperature  of  formation  of  approximately 
900°C.  This  field  is  bounded  to  the  right  by  hymotite  which 
is  formed  from  the  incongruent  melting  of  aegerine  at  990°C 
(Bowen  and  Schairer,  1929)-  It  should  be  noted  that  these 
temperatures  of  crystallization  are  necessitated  by  the  pro¬ 
perties  of  dry  melts  used  in  the  experiments  and  in  corres¬ 
ponding  natural  magmas  there  would  be  a  lowering  of  the  tem¬ 
perature  due  to  the  presence  of  volatiles. 

In  thin  section  the  pyroxenes  (Plate  2 4)  are  usually 
brownish— green  to  green  in  color,  showing  a  distinct  pleo— 
chroism.  The  grains  are  usually  elongate  parallel  to  the 
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Figure  52  Composition  and  classification 
of  alkaline  pyroxenes  from  the  Burnt 
Lake  area (diagram  after  Currie  et  al. , 
1975) 


|  Range  for  pyroxene  analyses  from  Table  15 
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Phase  diagram  of  the  systen  Na  0  :  SiO  :  Fe  0  showincr 
the  aegirine  field(after  Bowen  et  al. ,  1930)  imd 
analyses  of  alkali  pyroxenes  fran  Burnt  Lake 
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C-axis  and  have  small  extinction  angles.  The  high  birefrin¬ 
gence,  and  also  the  high  dispersion  exhibited  by  most  of  the 
grains  suggests  that  the  dominant  orientation  would  be  perpen¬ 
dicular  to  B  (or  b  crystallographic  axis).  The  grains  are 
more  often  found  as  aggregates  forming  bands  a  few  milli¬ 
metres  thick  rather  than  as  single  disseminated  grains. 

Other  clinopyroxenes  identified  include  augite, 
aegirine,  and  acmite.  The  latter  was  identified  by  its  dis¬ 
tinctive  brownish  color  and  was  found  in  acid  tuffs  outside 
of  the  mineralized  zone,  there  was  no  alkali  amphibole  seen 
in  the  same  slide.  Aegirine  was  seen  in  a  few  sections  and 
was  associated  with  a  blue-green  alkali-amphibole  and  was 
characterized  by  its  strong  pleochroism  from  yellow-green  to 
green  or  yellow  and  very  small  extinction  angle  (<10°). 

Neither  of  these  pyroxenes  approached  the  total  amount  of 
aegerine-augit e  seen  and  their  presence  is  attributed  to 
small  differences  in  the  local  chemical  conditions  of  the 
rocks • 

Aeg irine— augit e  is  most  commonly  found  in  late— 
stage  differentiates  of  alkaline  magmas  or  in  areas  which 
have  been  subjected  to  metasomatism  (i.e.  f enitization ) .  It 
is  interesting  to  note  that  Suzuki  (193^*)  attributed  the  ac¬ 
tion  of  sodamet asomat ism  to  have  caused  the  development  of 
bands  of  aegerine— augit e  in  some  metamorphozed  quartzose 
rocks  from  Hokkaido,  Japan.  However,  White  (19^2)  believed 


r«,( 


194 


that  original  chemical  differences  in  the  supracrustal  rocks 
resulted  in  a  banding  of  the  mafic  alkali  minerals  aegerine 
and  riebeckite  and  that  this  banding  ".  .  .  could  be  taken 

as  evidence  against  metasomatism  .  .  .  . " 

In  the  Burnt  Lake  area  the  development  of  aegerine- 
augite  is  believed  to  be  a  synvolcanic  process  related  to 
metasomatic  fluids  originating  from  the  volcanic  centre.  Al¬ 
though  aegerine  was  noted  to  be  present  in  all  the  rocks  of 
the  area  it  is  most  common  in  the  mineralized  unit  composing 
10-15%  of  the  mode.  The  reason  for  the  sudden  increase  in 
the  percent  of  the  pyroxene  is  not  known  although  it  is  pro¬ 
bably  related  to  the  evolution  of  the  magma  with  hypersodic 
conditions . 

4.5  Major  and  Trace  Element  Geochemistry 

Major  and  trace  element  geochemical  analyses  were 
performed  on  both  mineralized  and  unmineralized  units  to  de¬ 
termine  what  processes  were  responsible  for  the  differences 
in  character  of  the  respective  units.  Similar  studies  by 
Watson-White  (1976),  Minatidis  (1976),  and  Bailey  (personal 
communication)  on  both  mineralized  and  unmineralized  units 
in  the  area  indicated  that  sodium  metasomatism  was  responsible 
for  altering  the  whole  rock  geochemistry  where  uranium  min¬ 
eralization  occurs.  However,  it  should  be  noted  that  alkali 
exchange  during  devitrification  and  hydration  of  glasses  in 
ignimbritic  cooling  units  is  a  common  phenomenon  (Scott,  1971)* 
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Frequently  associated  with  this  is  an  inverse  alkali  rela¬ 
tionship  (Scott,  1966)  in  which  either  Na  or  K  increases  at 
the  expense  of  the  other.  This  relationship  is  usually  rela¬ 
ted  to  alteration  of  the  volcanic  unit  by  an  aqueous  fluid 
whereby  ion  exchange  occurs  during  decreasing  temperatures 
(Orville,  1963).  It  is  during  this  period  of  hydrothermal 
alteration  of  the  volcanics  that  uranium  may  be  released  from 
crystalline  material  and  enriched  in  the  aqueous  phase 
(Rosholdt  et  al. ,  1971). 

4.5.2  Major  Elements 

Analysis  of  major  elements  was  performed  in  the  same 
manner  as  described  earlier  under  the  section  dealing  with 
whole  rock  geochemistry  for  the  Rb/Sr  sample  suites.  Unfortu¬ 
nately  many  of  the  samples  proved  to  be  too  siliceous  and 
light  colored  to  permit  melting  with  the  image  furnace  appara¬ 
tus  and  consequently  only  three  analyses  could  be  performed, 
Table  16.  Samples  B-4l  and  B-59  both  contained  good  mineral¬ 
ization  and  sample  B-42  contained  very  little. 

Although  inconclusive  it  is  interesting  to  note  that 
the  two  mineralized  rocks  contain  higher  than  normal  contents 
of  Na  0  and  lower  than  average  K  0  (compare  to  Table  9  for 
regional  whole  rock  chemistry).  According  to  Bailey  (personal 
communication),  this  relationship  is  typical  for  mineralized 
rocks  of  the  Burnt  Lake  area  with  the  combined  Na^O  +  ^0 
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TABLE  16 

Whole  rock  chemistry  of  mineralized  rhyolites. 

Burnt  Lake 


B-4l 

Na2° 

7.16 

MgO 

0.17 

A12°3 

14.39 

si°2 

70.12 

to 

0 

3.20 

CaO 

0.49 

Ti°2 

0.54 

MnO 

0.06 

*>3 

0 

to 

O 

4.01 

H2°" 

0.25 

»2°  +  1 
Other  J 

0.44 

100. 83 


B-42 

B-59 

3.33 

8.91 

9.62 

0.15 
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content  always  approximating  10 %.  The  low  alkali  content  and 
high  CaO,  MgO,  and  Fe ^0^  content  in  B-42  may  be  accounted  for 
by  mafic  phases  (i.e.  pyroxene  and  amphibole),  however,  this 
cannot  be  confirmed  as  a  thin  section  of  the  sample  was  not 
made. 

4.5»3  Trace  Elements 

Analyses  of  sixteen  samples  for  fourteen  trace  ele¬ 
ments  (Nb,  Zr,  Y,  Sr,  Rb ,  U,  Th,  Ce,  La,  Zn,  Cu,  Ni,  Cr,  Pb) 
included  both  mineralized  and  nonmineralized  felsic  volcanics 
and  one  granite  sample.  The  analyses  were  performed  by  Dr. 

G.  Holland,  at  the  University  of  Durham,  England,  and  the 
procedure  employed  was  the  same  as  that  described  by  Lambert 
et  al.  (1974).  The  results  are  listed  in  Table  17. 

It  was  hoped  that  the  analyses  could  have  been  used 
to  classify  the  volcanics,  using  the  "immobile  elements"  as 
proposed  by  Floyd  and  Winchester  (1975 »  1978),  but  the  in¬ 
ability  to  obtain  major  elements,  for  the  reasons  mentioned 
earlier,  prevented  the  construction  of  the  proper  diagrams 
(cf.  Zr/TiO^  versus  Nb/YJ  Zr/TiO^  versus  Ce;  SiO^  versus 
Zr/TiO  ).  However,  the  data  do  indicate  some  interesting  re- 
lationships  as  seen  in  Figures  54,  55 »  and  56.  The  plot  of 
Rb-Sr,  Figure  56,  indicates  depletion  of  Rb  in  the  mineral¬ 
ized  samples,  a  similar  pattern  was  also  found  by  Minatidis 
(1976)  for  the  Michelin  deposit.  It  also  indicates  that  the 
rocks  are  basically  calcalkaline  in  composition  for  those 
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U  ppm 


Figure  5  4  Th,  Kb,  and  Sr  versus 
U  diagram 
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Uppm 

Figure  5  5  Zr,  Pb,  and  Zn  versus 
U  diagram 
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O  Mineralized  Rhyolite 
□  Unmineralized  Rhyolite 


Figure  56 

Rb  versus  Sr  diagram (Kistler  and  Peterman, 
1973)  for  mineralized  and  unmineralized 
rhyolites  and  granite  from  Burnt  Lake 
uranium  deposit 
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without  the  Rb  depletion.  Plots  of  U  versus  Rb  and  Sr, 

Figure  54,  suggest  possible  depletion  again  where  uranium 
mineralization  occurs.  It  was  shown  earlier  that  depletion 
of  K^O ,  with  a  concomitant  increase  in  Na^O,  was  character¬ 
istic  of  the  mineralized  samples.  A  relationship  between  K, 
Rb,  and  Sr  depletion  is  suggested  from  thin  section  also 
where  replacement  of  both  orthoclase  and  plagioclase  by- 
chessboard  albite  can  be  seen.  Such  an  alteration  process 
would  result  in  the  depletion  of  Ca,  Sr,  K,  and  Rb  and  sub¬ 
sequent  enrichment  of  Na. 

A  positive  correlation  exists  between  U  and  Pb , 
Figure  55«  This  is  important  for  it  suggests  that  the  lead 
is  of  radiogenic  origin  and  negates  the  presence  of  nonradio- 
genic  lead  associated  with  the  uranium  mineralization.  The 
presence  of  the  latter  would  seriously  influence  the  isotopic 
composition  of  lead  required  for  U-Pb  dating. 

Plots  of  U  versus  Zr  and  Zn  show  a  broad  scatter 
but  do  suggest  that  some  uranium  may  be  tied  up  in  zircon 
and  that  some  associated  zinc  mineralization  could  be  pre¬ 
sent.  From  thin  section  study  the  presence  of  zircon  was 
confirmed  and  although  it  was  usually  clear  some  pleochroic 
grains,  typically  of  fairly  large  size  (up  to  0.5-lmm),  were 
seen  suggesting  a  uranif erous  content.  Some  fine  grained 
sphalerite  was  seen  in  hand  specimen.  The  plot  of  U  versus 
Th ,  F igure  54,  shows  no  well  defined  linear  trends  between 
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the  two  elements  with  thorium  values  remaining  low  even  for 
very  high  uranium  analysis.  This  relationship  suggests  that 
the  main  iraniferous  phase  identified  as  pitchblende  lacks  any 
significant  amount  of  thorium. 


4.6  Uranium  Mineralization 


Uranium  mineralization  at  the  Burnt  Lake  North 
showing  is  confined  to  a  unit  characterized  by  a  mafic  band¬ 
ing  with  the  mineralization  found  mostly  within  the  mafic 
bands.  Radioluxograph  studies  (Plates  25  and  26)  confirms 
this  and  reveals  the  close  association  between  uranium  and 
the  mafic  portions  of  the  rock.  The  extent  of  the  mineral¬ 
ized  unit  is  outlined  quite  well  in  Figure  57  which  is  a  con¬ 
tour  map  of  a  radiometric  survey  done  on  the  outcrops  within 
the  map  area  using  a  McPhar  TV-1  scintillometer.  By  comparing 
the  geological  map  of  the  area  to  this  map  one  can  see  the 
remarkably  good  overlap. 

In  the  field  the  highest  scintillometer  counts  on 
outcrop  were  usually  obtained  in  areas  where  intense  red 
hematitic  alteration  accompanied  the  mafic  banding  (plate  27). 
Such  a  relationship  would  suggest  that  the  following  reaction, 

2  Fe  +  2  +  U  +6  ^  2  Fe3+  +  U+/* 

may  have  been  important  in  localizing  uranium  mineralization. 
However,  Gandhi  et  al. ,  (1973)  also  report  that  high  uranium 


values  were  obtained  in  areas  where  hematic  alteration  was 
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Figure  57 
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absent.  On  a  smaller  scale  the  uranium  mineralization  can  be 
seen  to  occur  as  either  individual  uraninite  cubes  or  aggre¬ 
gates  of  uraninite  cubes  (Plate  28),  commonly  associated  with 
pyroxene  (Plate  24)  or  sometimes  with  amphibole,  but  rarely 
was  it  seen  within  the  leucocratic  portions  of  the  rock.  Min¬ 
eralization  in  thin  section,  easily  recognized  by  the  devel¬ 
opment  of  pleochroic  haloes,  was  seen  in  volcanic  tuffs,  lam¬ 
prophyre  dykes,  and  granitic  fragments  within  a  volcanic  matrix. 
In  all  cases  the  uranium  mineralization  was  invariably  assoc¬ 
iated  with  the  mafic  minerals. 

The  uraniferous  phase  present  at  Burnt  Lake  was 
identified  as  uraninite  consisting  chiefly  of  uranium  and 
little,  if  any,  thorium.  This  was  confirmed  from  qualitative 
studies  on  the  electron  microprobe  and  by  isotopic  dilution 
analysis  of  the  pitchblende,  the  latter  will  be  discussed 
later.  Yellow  secondary  uranium  mineralization  can  be  seen 
quite  frequently  on  outcrops  and  this  was  identified  as  cup- 
rosklodowskit e  [Cu^ (UO^ ) 2 (SiO^ ) ^ ( OH) * 5H20] ,  it  is  usually  as¬ 
sociated  with  a  light  to  dark  green  secondary  copper  mineral 
not  positively  identified. 

The  geochemistry  of  the  pitchblende  (obtained  from 
isotope  dilution  analyses  for  five  specimens)  is  given  in 
table  18.  The  results  show  the  effect  of  weathering  and  sub¬ 
sequent  uranium  loss  for  three  of  the  specimens.  However, 
from  whole  rock  trace  element  analyses  the  plot  of  U  versus 
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Pb  does  not  show  this  relationship  but  instead  a  fairly  good 
linear  relationship.  Perhaps  this  suggests  that  the  uranif- 
erous  phase  may  have  been  leached  but  that  the  uranium  was  re¬ 
precipitated  locally  and  that  this  process  occurred  on  a  very 
small  scale.  The  low  2^Pb  values  confirm  the  low  thorium 
content  of  the  uraniferous  phase. 

Associated  mineralization  includes  sphalerite,  mag¬ 
netite,  hematite,  chalcopyrit e ,  covellite,  chalcocite ,bornite , 
fluorite  and  galena.  The  latter  is  believed  to  be  of  radio¬ 
genic  origin  and  in  polished  specimens  can  be  seen  to  be  in¬ 
timately  associated  with  the  pitchblende  (Plate  28).  It 
should  be  noted  that  microprobe  studies  of  plagioclase  grains 
adjacent  to  mineralized  portions  of  the  specimens  were  pure 
albite  in  composition,  again  indicative  of  metasomatic  pro¬ 
cesses  active  during  mineralization. 

4.7  Uranium  —  Lead  Dating 

Five  pitchblende  samples  were  dated  from  the  Burnt 
Lake  north  showing  and  the  results  are  presented  in  Table  l8 
and  plotted  on  a  concordia  diagram  in  Figure  58.  Three  of 
the  samples  (B-35,  B-6l,A)  lie  well  above  the  concordia  curve 
indicating  loss  of  uranium  or  gain  of  lead.  Of  the  two  re¬ 
maining  points,  B— 59  is  considered  the  most  reliable  due  to 
its  high  uranium  content  (55%)  and  more  concordant  ages.  It 
should  also  be  noted  that  sample  B-59  was  obtained  from  drill 
core  recently  recovered  from  diamond  drilling,  whereas  the 
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other  samples  came  from  surface  trenches  which  in  many  in¬ 
stances  showed  yellow  secondary  uranium  minerals. 

207  .206 

The  Pb/  Pb  ages  of  1770  Ma  for  B-59  and  1680 
Ma  for  A  agree  quite  well  with  the  1770  Ma  Rb/Sr  age  obtained 
on  the  Aillik  volcanics  collected  approximately  15  km  west 
of  Burnt  Lake.  The  close  agreement  of  the  two  ages  for  the 
mineralization  and  host  rocks  would  strongly  suggest  a  syngen- 
etic  origin  for  the  uranium.  Geochronological  data  for  ur¬ 
anium  mineralization  from  other  occurrences  similar  in  many 
respects  to  the  Burnt  Lake  showing  are  included  in  a  concox — 
dia  plot,  Figure  59»  The  Michelin  deposit,  and  Emben  and  John 
Michelin  showings  are  hosted  by  acid  volcanics  of  the  Aphebian 
Aillik  Group  (Gandhi,  1976;  Bailey,  1978,  1979)  and  in  the 
case  of  the  Michelin  deposit  the  uranium  mineralization  is 
associated  with  aegerine-augit e  and  riebeckito  as  at  Burnt 
Lake.  The  ^^Pb/^^Pb  ages  for  mineralization  at  the  Michelin 
deposit  and  Emben  showing  are  1264  Ma  and  1386  Ma  respectively, 
notably  younger  than  the  Burnt  Lake  mineralization,  and  for 
the  John  Michelin  deposit  the  ^^Pb/^^Pb  age  of  1774  Ma  ap¬ 
proximates  closely  the  age  at  Burnt  Lake.  However,  the  con— 
cordia  diagram  shows  that  these  five  points  all  fall  on  a 
single  line  which  intercepts  the  concordia  at  ~l800  Ma  and 
'v1100  Ma.  This  suggests  that  the  mineralization  at  these 
various  localities  may  be  genetically  related.  Following  the 
episodic  lead  loss  model  proposed  by  Wetherill  (1956)  it 
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would  appear  that  uranium  mineralization  formed  syngeneti- 
cally  (?)  in  acid  volcanics  of  the  Aillik  Group  ~l800  Ma 
ago  and  that  subsequent  resetting  of  the  uranium-lead  clocks 
occurred  during  the  Grenville  orogeny  at  ~ 1100  Ma  ago  in  the 
Michelin  and  Emben  showing.  Recent  mapping  of  the  area  by 
Bailey  (1978)  has  shown  that  both  these  localities  are  cut 
by  Grenville-age  shear  zones,  which  would  account  for  the 
younger  ages.  However,  at  the  Burnt  Lake  and  John  Michelin 
showings  no  such  event  has  been  recognized  and  thus  the  ori¬ 
ginal  period  of  mineralization  has  been  preserved. 

a  207^  ,204  206  ,204,  . 

A  Pb/  Pb  versus  Pb/  Pb  isochron  plot 

(Figure  60)  of  the  data  indicates  a  scatter  of  the  points 

suggesting  that  the  isotopic  system  has  not  had  a  simple 

history  involving  a  single  stage  of  mineralization.  Instead, 

the  high  content  of  lead  in  samples  A  and  B-6l  relative  to 

their  uranium  contents  would  suggest  an  influx  of  nonradio- 

genic  lead.  The  position  of  B-6l  in  Figure  60  would  indicate 

a  rather  high  component  of  normal  load  for  this  sample  as  it 

206  .  , 

lies  close  to  the  lead  growth  curve  and  also  has  a  low  Pb/ 
2<~* *Pb  ratio.  Using  points  B-6l  and  B-59  (believed  to  be  the 
most  reliable  point  with  only  radiogenic  lead  since  it  has 
such  a  high  2°^Pb/20/lPb  ratio  and  high  uranium  content)  as 
guides  a  2^^Pb/^^^Pb  slope  age  of  1770  Ma  was  calculated, 
which  agrees  with  the  age  obtained  from  the  concordia  diagram. 
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207Pb/204Pb  versus  206Pb/204Pb  plot  for  U-Pb  data 
from  the  Burnt  Lake  uranium  denosit 
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Assuming  this  represents  a  noncontaminat ed  slope  line  then 
the  relative  positions  of  points  B -55  and  A  suggest  that  the 
normal  lead  must  have  resided  in  older  material  since  the 
points  lie  above  the  line  indicating  an  increase  in  2°^Pb 
rather  than  2°^Pb.  A  minimum  age  of  2200  Ma  is  approximated 
from  a  slope  age  using  points  B-6l  and  B-55 ,  however,  an 
older  parentage  of  probably  Archean  origin  is  believed  to  be 
the  source  of  the  normal  lead  since  it  is  known  to  underlie 
the  area.  The  mechanism  responsible  for  selectively  contam¬ 
inating  some  of  the  samples  may  perhaps  be  related  to  either 
Hudsonian  or  Grenville  tectonics. 

In  summary,  dating  of  the  Burnt  Lake  uranium  miner — 
alization  indicates  that  a  complicated  history  involving  gain 
of  Pb  and  loss  of  uranium  occurred,  probably  due  to  recent 
weathering  and  subsequent  tectonics,  but  that  unweathered 
and  uncontaminated  samples  indicate  an  age  of  approximately 
1770  Ma  (B-59)  for  the  uranium  mineralization.  This  age  cor¬ 
responds  to  a  whole  rock  Rb/Sr  isochron  age  of  ~1770  Ma  ob¬ 
tained  for  acid  volcanics  equivalent  to  the  host  rocks  at 
Burnt  Lake.  A  concordia  plot  of  the  Burnt  Lake  data  and  ad¬ 
ditional  data  for  other  deposits  exhibiting  similar  features 
to  the  Burnt  Lake  area  (i.e.  Michelin,  Emben,  John  Michelin) 
define  an  episodic  lead  loss  line  giving  an  upper  intercept 
of  ^1800  Ma ,  and  a  lower  intercept  of  ~1100  Ma.  The  older 
age  is  interpreted  as  the  time  of  original  uranium  minerali— 
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zation  in  acid  volcanics  of  the  Aillik  Group  and  the  younger 
age  is  interpreted  as  a  time  of  resetting  corresponding  to 
Grenville  tectonics  known  to  have  affected  these  areas. 

4.8  Di  scussion  and  Interpretation 

Uranium  mineralization  associated  with  felsic  vol¬ 
canics,  as  in  the  case  of  Burnt  Lake,  is  a  common  phenomenon 
occurring  in  rocks  of  all  ages  around  the  world.  However, 
alkali  volcanism  is  probably  the  best  source  of  uranium 
due  to  the  concentration  of  the  radioelements  in  the  final 
stages  of  the  magmatic  cycle  (Gabbleman,  1977;  Sorensen,  1970; 
Armstrong,  1974;  Boshe  et  al. ,  197^)-  In  addition  uranium 
is  usually  concentrated  in  the  matrix  and  glassy  portions  of 
these  volcanics  (Sorensen,  1970;  Dostal  et  al. ,  1977)  rather 
than  in  the  major  mineral  phases.  This  characteristic  of 
uranium  permits  subsequent  remobilization  of  the  radio¬ 
elements  (Rosholdt  et  al. ,  1971;  Zielinski,  1977;  Zielinski 
et  al. ,  1977)  leading  to  its  reprecipitation  often  in  higher 
grade  concentrations  as  the  roll— type  deposits  of  the  south¬ 
western  states  (Finch,  1967).  Studies  of  uranium  contents 
in  obsidian,  perlites  and  felsites  (Zielinski,  1977;  Zielinski, 
et  al. ,  1977;  Rosholdt  et  al. ,  1971;  Rosholdt  and  Nobel,  1969) 
have  shown  that  the  radioelement  content  of  nondevitrif ied 
volcanic  material  is  normal  for  felsic  rocks  but  that  for  de— 
vitrified  components  there  is  an  8O/0  depletion  of  uranium. 


Such  mobilization  is  believed  to  have  been  an  important  con— 
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trol  in  the  localization  of  uranium  mineralization  of  Burnt 
Lake. 

Commonly  associated  with  anomalous  concentrations 
of  uranium  in  felsic  igneous  rocks  (i.e.  intrusive  and  ex¬ 
trusive)  is  alkali  metasomatism  (Adamek,  1971;  Smirnov,  1977; 
Mittempergher ,  1970)  frequently  reflected  by  the  presence  of 
aegerine-augite  and  riebeckite  as  in  the  albite-riebeckit e 
granites  of  Nigeria  and  the  Soviet  Union  (Sorenson,  1970)  and 
in  areas  of  contact  metasomatism  around  granitic  intrusives 
in  the  Soviet  Union  (Smirnov,  1977).  This  association  also 
occurs  in  the  Burnt  Lake  area,  at  the  Michelin  deposit 
(Minatidis,  197&),  and  was  noted  during  regional  surveys  con¬ 
ducted  in  the  Central  Mineral  Belt  (Krajewski,  1975;  Gandhi 
and  Guiton,  1975).  Trace  element  geochemistry  also  reflects 
the  metasomatic  process  with  mineralized  zones  characterized 
by  high  Mo,  F,  REE,  Be,  Zn ,  Nb ,  etc.  and  Sr  and  Ba  depletion 
(Bain,  1977).  However,  Schrider  and  Furbish  (1977)  reported 
high  uranium  assays  that  correlated  with  Co  and  Cu  but  did 
not  show  an  equivalent  association  with  Mo,  Li,  and  Pb.  Al¬ 
though  trace  element  analyses  were  obtained  on  mineralized 
samples  from  Burnt  Lake  nothing  very  conclusive  resulted. 
Enrichment  of  Zr,  Pb  and  perhaps  Zn  were  noted  along  with 
strong  depletion  of  both  Rb  and  Sr.  Molybdenite  and  fluorite 
were  observed  in  hand  specimen  indicating  Mo  and  F  associated 
with  uranium  mineralization.  Bain  (1977)  points  out  that 
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depletion  of  these  elements  usually  indicates  depletion  of 
the  host  rocks  perhaps  suggesting  nearby  enrichment  of  the 
remobilized  uranium. 

Walton  (1978)  favors  subaerial  pyroclastic  rocks 
as  hosts  of  uranium  deposits  rather  than  those  formed  in 
subaqueous  environment.  Whole  rock  analyses  indicate  little 
or  no  long  distance  migration  of  uranium  occurs  following 
its  release  from  glass  shards  in  submarine  deposits  due  to 
the  lack  of  a  complexing  agent.  He  speculates  that  reaction 
of  calcium  and  other  alkalis  with  C0o  depletes  all  the  avail¬ 
able  dissolved  CO^  leaving  none  to  form  uranylcarbonat e  com¬ 
plexes.  However,  in  subaerial  flows  this  phenomenon  is  not 
critical  and  uranium  can  be  easily  transported.  The  rocks 
of  the  Burnt  Lake  area  are  subaerial  flows  and  Bailey  (per¬ 
sonal  communication)  believes  most  of  the  western  part  of  the 
Aillik  Group  represents  an  area  of  subaerial  deposition,  as 
opposed  to  submarine  in  the  east  around  Makkovik.  However, 
where  fluorine  is  present  this  could  act  as  a  complexing 
agent  (Romberger,  1978),  thus  volcanic  rocks  deposited  sub- 
aqueously  should  not  be  completely  neglected  as  potential 
exploration  targets. 

The  ultimate  source  of  the  uranium  which  formed  the 
mineralization  was  probably  igneous,  but  during  pitchblende 
formation  two  contributors  are  envisaged.  Uranium  was  pro¬ 
bably  partly  derived  from  glass  shards  and  from  the  matrix 
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of  the  volcanic  rocks,  and  also  from  volatile-rich  fluids 
emanating  from  a  nearby  vent.  Thus,  an  active  coeval,  vol- 
canic-plutonic  association  is  envisaged  similar  to  models 
proposed  by  Konstantinov  and  Yakumin  (1973)  and  Bain  (1977) 
for  volcanic-intrusive  magmatic  complexes.  Watson-White 
(1971)  noted  the  close  proximity  between  uraniferous  volcanic 
horizons  and  intrusive  contacts  in  the  Walker  Lake-McLean  Lake 
area,  and  Bailey  (1978)  suggests  a  close  association  between 
uranium  mineralization  in  volcanics  and  the  granite  in  the 
Michelin  deposit.  However,  the  mineralization  at  Burnt  Lake 
is  considered  stratiform  and  to  represent  syngenetic  proces¬ 
ses,  rather  than  an  epigenetic  event,  with  the  mineralizing 
solutions  coeval  with  the  volcanism.  It  is  important  to  note 
that  these  areas  adjacent  to  granitic  contacts  should  offer 
good  potential  for  epigenetic  deposits  if  local  fracture  sys¬ 
tems  were  present  prior  to  the  intrusion.  The  aerial  extent 
of  provinces  showing  the  effects  of  metasomatism  and  subse¬ 
quent  enrichment  of  uranium  can  vary  from  local  horizons 

covering  a  large  area  (Bain,  1977),  or  single  isolated  occur- 

*5 

rences  (Yermolayev,  1973),  to  large  areas  (x  1000  km  )  where 
anomalous  uranium  concentrations  pervade  the  entire  terrain 
(Smirnov,  1977;  Mittempergher ,  1970). 

In  summary,  uranium  mineralization  at  Burnt  Lake 
is  confined  to  felsic  volcanic  horizons  characterized  by 
mafic  bands  composed  of  aegerine— augit e  and  magnesioriebeck- 
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ite.  The  stratiform  nature  of  the  mineralization,  intimately- 
associated  with  the  alkali  mafic  minerals  and  zones  of  red 
hematitic  stain,  and  its  age  of  1750-1800  Ma  which  approxi¬ 
mates  closely  the  1770  Ma  age  of  the  host  rocks  suggests  a 
syngenetic  origin.  Although  the  ultimate  source  of  the 
uranium  was  igneous,  two  contributors  are  considered  for  the 
local  formation  of  pitchblende,  these  are  the  glass  shards 
and  matrix  of  the  felsic  tuffs,  and  the  volatile-rich  fluids 
emanating  from  a  nearby  vent,  thus  implying  a  model  involving 
a  coeval  volcanic-intrusive  magmatic  complex.  Such  complexes 
are  noted  for  uranium  mineralization  associated  with  alkali 
metasomatism  (Sorenson,  1970;  Smirnov,  197^;  Bain,  1977; 
Konstantinov  and  Yakumin,  1973)  and  a  similar  model  is  pro¬ 
posed  for  Burnt  Lake;  this  is  supported  by  the  presence  of 
granitic  fragments  in  volcanic  tuffs  which  contain  pitchblende 
associated  with  aegerine-augit e  and  riebeckite.  Localization 
of  the  uranium  in  certain  horizons  is  considered  to  bo  a  re¬ 
flection  of  porosity,  those  horizons  of  welded  nature  did 
not  permit  the  influx  of  mineralizing  solutions  whereas  the 
porous  horizons  were  more  amenable  to  the  fluids.  The  meta¬ 
somatism,  mineralization  and  growth  of  the  mafic  minerals 
is  considered  to  have  occurred  during  this  process. 


CHAPTER  5 


THE  MORAN  LAKE  AREA 

5 • 1  Introduction 

The  Moran  Lake  uranium  showings  lie  southeast  of 
Moran  Lake.  Figure  6l,  in  an  area  underlain  by  the  Heggart 
Lake  Formation,  the  basal  member  of  the  Paleohelikian  Bruce 
River  Group.  Three  showings  occur  and  are  referred  to  infor¬ 
mally  from  east  to  west  as  the  A,  B,  and  C  zones  (Bernazeaud, 
1965).  Of  interest  to  this  study  were  the  latter  two,  the 
B  anc  C  zones,  also  referred  to  as  the  Montague  1  and  Monta¬ 
gue  2  (Ellingwood,  195B),  with  the  A  zoned  examined  only 
briefly  out  of  interest.  The  B  and  C  zones  were  both  mapped 
in  detail  during  July,  1977  and  shall  be  discussed  separately, 
even  though  they  may  be  genetically  related  (Kontak,  197&). 

5.2  Regional  Geology  of  the  Moran  Lake  Area 

The  Regional  geology  of  the  Moran  Lake  area  (  Figure 
6l),  was  included  in  the  maps  of  Williams  (1970),  Smyth  et 
al.  (1975),  Ryan  (1977),  and  Smyth  and  Ryan  (1977).  The 
oldest  rocks  in  the  area  are  Archean  granites  and  gneisses 
which  outcrop  north  of  Moran  Lake  and  form  part  of  a  much  more 
extensive  basement  terrain  which  also  includes  raetavolcanic 
and  metasedimentary  units  (Ryan,  1977).  Overlying  the  Archean 
basement  and  cropping  out  in  the  western  part  of  the  map  area 
is  the  Aphebian  (Williams,  1970)  Moran  Group  (Smyth  et  a 1 . , 
1975)  which  consists  of  black  and  grey  laminated  mudstones. 
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Figure  61 


Regional  Geology  of  the  Moran  Lake  area  (after  Smyth  and 

Ryan,  1977) 
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with  minor  chert  and  dolostone  overlain  by  massive  and  pil¬ 
lowed  mafic  volcanics.  Unconf ormably  overlying  the  Moran 
Group  is  the  Heggart  Lake  Formation,  the  basal  member  of  the 
Paleohelikian  Bruce  River  Group.  It  consists  of  red  and  pink 
sandstones,  quartzites  and  grits  intercalated  with  cobble  to 
pebble  conglomerates  and  mafic  to  felsic  volcanics  (Smyth  et 
ail.,  1975)-  The  Heggart  Lake  Formation  is  overlain  to  the 
south  by  a  succession  of  tuffaceous  sandstones  of  red,  maroon, 
and  green  color  which  contain  some  minor  mafic  flows.  The 
uppermost  member  of  the  Bruce  River  Group  consists  of  acid 
volcanics  and  ignimbrites.  The  area  has  been  cut  by  both 
feldspar  porphyry  and  mafic  bodies,  the  ages  of  which  are  un¬ 
known,  but  are  believed  to  be  post  Paleohelikian. 

No  detailed  studies  of  the  structure  of  the  Archean 
basement  have  been  undertaken,  but  in  outcrop  it  is  evident 
that  polyphase  deformation  occurred.  The  Moran  Group  has 
also  undergone  polyphase  deformation,  at  least  two  phases 
(Smyth  et  al. ,  1975),  prior  to  the  deposition  of  the  Bruce 
River  Group.  The  Bruce  River  Group  has  been  deformed  further 
to  the  south  and  southeast  into  large,  open  upright  folds 
plunging  gently  to  the  southwest.  Modification  of  the  local 
geology  has  occurred  due  to  Grenville  faulting  developed  in 
north-south  and  east-west  trending  patterns.  These  are  high- 
angle  reverse  faults  and  have  juxtaposed  older  basement  rocks 
against  the  younger  Bruce  River  Group  rocks  as  seen  in  the 
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area  of  the  Moran  Lake  C  Zone  uranium  showing  (Ryan,  1977). 

5 • 3  Moran  Lake  '  B*  Zone:  Introduction  and  Previous  Work 

The  Moran  Lake  ,B'  Zone,  discovered  by  Brinex  dur¬ 
ing  the  summer  of  1957  (Ellingwood,  1958),  lies  east  of  Lake 
Louis  in  the  Heggart  Lake  Formation  where  anorthositic  dykes 
are  found  cutting  red  sediments.  The  area  was  originally 
worked  by  Brinex  until  1964  at  which  time  Mokta  acquired  a 
concession  on  the  area  and  later  took  out  a  development  lic¬ 
ense,  subsequently  dropped  in  1975.  At  present  the  area  is 
held  by  Commodore  Mining  Ltd.  who  has  optioned  the  area  to 
Shell  Canada  Ltd. 

The  area  was  mapped  in  detail  (Figure  62)  during 
early  July,  1977,  utilizing  a  grid  put  in  by  Shell  Ltd. 

Previous  work  in  the  area  included  detailed  mapping  by  Elling— 
wood  (1958)»  Mann  and  Collins  (1957),  Bernazeaud ( 1965 )  and 
Smyth  and  Ryan  (1977). 

5.4  Local  Geology  of  the  'B*  Zone 

The  local  geology  of  the  ’B'  Zone  is  shown  in  Fig¬ 
ures  62  and  63,  the  latter  one  is  taken  from  Ellingwood  (1958). 
The  area  mapped  by  the  writer  corresponds  to  the  area  immed¬ 
iately  adjacent  to  the  biotite  gabbro  found  southeast  of  Lake 
Louis  on  Ellingwood*s  map.  Thus,  the  sedimentary  units  in 


figure  62  represent  what  Ellingwood  refers  to  as  the  lower 
conglomerate  and  lower  quartzite.  These  two  rock  types 
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Figure  62 

Local  Geology  of  the  Moran  Lake  'B'  Zone  Uranium  Showing 
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Figure  63 


Local  Geology  of  the  Moran  Lake  'B1  Zone  (after  Ellingwood, 

1958) 
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underlie  the  area  and  form  part  of  the  Heggart  Lake  Formation 
which  has  been  cut  by  numerous  dykes,  small  anorthositic  bod¬ 
ies  and  a  large  ultramafic  stock  of  unknown  age. 

5.4.1  Sedimentary  rocks 

The  oldest  unit  of  the  area  is  composed  of  fine¬ 
grained  red  sediments,  typically  sandstones  and  siltstones, 
which  are  usually  massive  and  display  very  few  sedimentary 
features.  In  the  field  most  of  the  rocks  appeared  to  be 
quartz-rich  with  feldspar  the  next  major  component.  Sometimes 
the  feldspar  content  may  approach  75%,  suggesting  a  possible 
volcanogenic  origin,  which  was  confirmed  in  the  western  portion 
of  the  map  area  where  similar  feldspathic  sandstones  exhibited 
textures  suggestive  of  a  pyroclastic  origin  (cf.  eutaxitic 
texture).  The  sediments  are  usually  intensely  fractured  and 
in  some  cases  secondary  alteration  is  associated  with  these, 
especially  where  minor  movement  has  occurred  or  where  mafic 
dykes  are  present.  The  alteration  is  usually  a  combination 
of  hematite,  chlorite,  and  red  and  white  carbonate,  these 
areas  are  frequently  radioactive.  In  two  outcrops  salt  or 
pyrite  casts  (?)  were  seen  in  mudstones.  These  were  cubic  or 
pentagonal  in  outline  and  averaged  3—6  mm  in  size.  Although 
only  a  few  sedimentary  features  were  seen  such  as  planar—  and 
trough  cross— bedding ,  scour  and  fill  structures  and  current 
ripples  they  indicated  tops  to  the  north.  In  one  area  on  the 


southwest  side  of  Lake  202,  the  best  outcrop  of  the  red  beds 
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occur  whore  abundant  sodimontary  structures  are  visible. 

In  the  vicinity  of  the  dykes,  particularly  in  the  eastern 
part  of  the  map  area,  soft  sediment  deformation  structures 
were  seen  and  were  originally  thought  to  indicate  intrusion 
of  the  dyke-like  bodies  into  unlithified,  wet  sediments 
(Kontak,  1978). 

In  thin  section  the  sediments  are  quite  variable 
in  composition  with  varying  amounts  of  quartz,  K-feldspar, 
magnetite,  and  plagioclase  as  the  detrital  components  and 
carbonate,  hematite,  and  penninite  as  secondary  alteration 
products.  The  detritals  are  typically  angular  to  subrounded 
with  quartz  forming  the  largest  percent  and  feldspar  and 
plagioclase,  commonly  andesine  or  high  oligoclase, varying  in 
amounts  but  nearly  always  fresh  and  unaltered.  The  grains 
are  commonly  corroded  indicating  reaction  with  a  fluid,  pro¬ 
bably  during  diagenesis.  The  amount  of  matrix,  consisting 
mainly  of  feldspar,  varies  but  in  one  section  composed  50% 
of  the  rock.  The  amount  of  alteration  is  variable,  for  exam¬ 
ple,  one  slide  contained  50“ 60%  carbonate  and  another  had  no 
carbonate  but  instead  hematite  coatings  on  the  grains  and 
penninite.  The  samples  examined  in  thin  section  would  best 
be  called  arkosic  grits. 

A  thin  section  of  a  pyroclastic  rock  from  the  wes¬ 
tern  portion  of  the  map  area  confirmed  its  igneous  origin. 

An  eutaxitic  texture  is  defined  by  magnetite  banding  and 
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this  is  paralleled  by  sericite  and  quartz  bands.  Minor 
amounts  of  feldspar  phenocrysts  (  <  1%)  and  biotite  fc-3%)  are 
the  only  coarse  phases  with  the  remainder  of  the  rock  com¬ 
posed  of  quartz  and  K*feldspar  with  minor  plagioclase  and  mi— 
crocline. 

Overlying  the  red  sediments  disconf ormably  is  a 
polymictic ,  pebble  to  cobble  conglomerate  (Plate  29).  This 
conglomeratic  unit  can  be  seen  to  cut  large  channels  (comm¬ 
only  10-12  metres)  into  the  underlying  finer-grained  red  sedi¬ 
ments.  The  conglomerate  unit  may  be  up  to  900  metres  (2800 
feet)  thick  (Ellingwood,  1958)  and  Mann  and  Collins  (1957) 
recognized  these  different  types  of  conglomerate  referred  to 
informally  as  (i)  conglomeratic  quartzite,  (ii)  fractured  con¬ 
glomerate,  and  (iii)  conglomerate.  The  conglomerate  inter¬ 
fingers  with  the  red  sediments  in  the  western  part  of  the  map 
area  forming  two  tongues  which  protrude  westwards  before  pin¬ 
ching  out.  Figure  63*  Finer— grained  sandstone  and  siltstone 
lenses  may  occur  within  the  conglomerate  indicating  periodic 
changes  in  the  energy  of  the  environment  of  deposition. 

The  conglomerate  commonly  contains  angular  to  sub¬ 
rounded  pebbles  and  cobbles,  and  frequently  boulders  (>256  mm), 
of  varying  composition.  Towards  the  bottom  where  it  rests  on 
sediments,  fragments  of  the  same  material  may  dominate  and 
the  matrix  may  be  feldspathic.  However,  further  up  the  sec¬ 
tion  fragments  of  smoky  quartz,  red  jasper,  granite,  and 


. 


231 


gneiss  are  dominant  with  lesser  amounts  of  red  sandstone, 
greenstone,  porphyritic  rhyolites,  andesites,  and  mafic  intru- 
sives.  The  fragments  usually  constitute  up  to  60-70%  of  the 
rock  with  the  matrix  composed  of  a  greenish  grey  grit,  typi¬ 
cally  quartz  dominant.  Locally  conglomerate  may  show  shear¬ 
ing  and  faulting  and  in  these  secondary  alteration  consisting 
of  hematite  and  chlorite  may  be  present, 

5*4.2  Dyke  Rocks 

Cutting  the  sediments  in  the  map  area  are  several 
different  types  of  dykes.  Based  on  their  texture  and  miner¬ 
alogy  a  minimum  of  five  types  may  be  recognized.  The  dykes 
are  believed  to  have  entered  along  fractures  previously  devel¬ 
oped  in  the  sediments,  the  dominant  directions  of  these  being 
55-75°,  125-135°,  140-150°,  and  180-200°  (Mann  and  Collins, 
1957)-  From  the  map  one  can  see  that  most  of  the  dykes  trend 
between  55-75°  and  may  have  thus  been  controlled  by  one  of 
the  dominant  structures  in  the  area.  However,  several  of  the 
bodies  have  irregularly  defined  ameboid— like  outlines  on  the 
surface,  exactly  what  their  relationship  is  at  depth  is  un¬ 
known.  From  field  work  the  dykes  were  seen  cross-cutting  the 
larger  bodies  providing  some  idea  of  the  chronological  order 
of  events,  however,  the  exact  order  of  intrusion  of  the  dif¬ 
ferent  types  of  dyke— like  bodies  remains  unknown. 

The  five  types  of  dykes  recognized  are  (i)  coarse¬ 
grained  anorthosite  dominated  by  plagioclase , which  represent 
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the  largest  percent  of  the  dykes  present;  (ii)  medium-grained 
anorthosite  with  acicular  plagioclase  laths  exhibiting  a 
trachytic-like  texture;  (iii)  fine-grained  trachytic  dykes; 
(iv)  feldspar  porphyries  which  have  a  trachytic  matrix;  (v) 
and  feldspar-pyroxene  porphyry  dykes  with  a  trachytic  matrix. 
From  field  work  (iii)  is  known  to  cross  cut  (ii)  and  possibly 
(i). 

( i )  coarse-grained  anorthositic  bodies: 

In  outcrop  these  bodies  may  be  red  (hematitic  stain¬ 
ing),  green  (chloritic  alteration),  or  dark  grey  to  black  in 
color  (Plate  30).  Sometimes  one  can  observe  ophitic  textures 
where  the  outcrop  surface  has  been  weathered.  Grain-size  usu-> 
ally  varies  from  2-3  mm  and  the  major  component  is  always 
plagioclase  laths  with  carbonate  accounting  for  the  remainder 
of  the  rock  composition.  Minor  amounts  of  pyrite,  chalcopy- 
rite,  and  bornite  were  also  observed,  although  infrequently. 
These  bodies  account  for  approximately  75-’80%  of  the  dykes 
in  the  map  area  and  usually  form  as  large  ameboid-like  bodies 
although  one  dyke  of  3  metre  thickness  is  included  in  this 
group. 

In  thin  section  these  rocks  typically  consist  of 
plagioclase  (A  30-38;  80%)  ,  k- feldspar  (10%),  and  penninite 
(5-10%)  with  minor  amounts  of  opaques  (1-3%)  sod  accessory 
sphene,  zircon,  rutile,  and  anatase.  They  are  invariably  al¬ 
tered  to  carbonate  and  this  alteration  can  vary  from  less 
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than  5%  to  in  excess  of  75-80%  of  the  thin  section.  Where 
carbonate  alteration  is  less  significant  the  texture  is 
typically  idiomorphic  with  equigranular,  tabular  plagioclase 
laths  accounting  for  the  majority  of  the  composition  (plate 
31).  They  are  frequently  fractured,  bent  and  exhibit  undula- 
tory  extinction  and  are  twinned  by  the  albite  and  carlsbad 
laws.  Sericite  alteration  is  present  in  variable  amounts.  K- 
feldspar  occurs  as  subhedral,  rectangular  crystals,  and  are 
usually  of  similar  grain  size  as  the  plagioclase.  Kaoliniza- 
tion  is  present  in  variable  amounts  but  is  nearly  always  ob¬ 
servable.  Penninite  occurs  as  irregularly  shaped  patches  and 
was  not  seen  as  a  pseudomorph  although  it  is  likely  that  it 
may  have  been  an  alteration  product  of  some  mafic  phase,  pro¬ 
bably  pyroxene.  It  may  also  occur  as  veinlets  cutting  the 
rock. 

(ii)  medium-grained  anorthositic  bodies: 

These  bodies  crop  out  in  the  eastern  part  of  the  map 
area  and  have  been  grouped  together  into  one  pod— shaped  body 
trending  in  a  northerly  direction.  In  outcrop  they  are  huf¬ 
fish  in  color,  possibly  due  to  limonitic  staining  and  carbon¬ 
ate  weathering,  and  exhibit  a  brecciated  texture.  In  thin 
section  they  consist  predominantly  of  acicular  plagioclase 
laths  (0.5—1  mm)  of  An26-30  composition  (Plate  32),  with 
lesser  amounts  of  tabular  plagioclase  (1—2  mm)  and  magnetite 
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and  accessory  sulphides.  Hematitic  staining  is  usually  per¬ 
vasive,  as  also  is  carbonate  alt eration(~95%  of  one 
thin  section).  The  rocks  are  usually  cut  by  numerous  veinlets 
of  carbonate,  penninite,  plagioclase,  and  opaques  suggesting 
a  complicated  history  of  continued  brecciation. 

(iii)  fine-grained  trachytic  dykes: 

These  bodies  were  seen  cutting  units  (i)  and  (ii) 
in  the  field  as  narrow  (20-50  cm),  aphanitic  green  dykes.  In 
thin  section  they  consist  of  plagioclase  (80-85%),  chlorite 
(10-15%),  and  opaques  (3%)  with  a  notable  absence  of  carbon¬ 
ate  alteration  except  as  veinlets  cutting  the  rocks,  but  not 
pervasive  throughout.  The  texture  is  trachytic  with  fine” 
grained  plagioclase  laths  (0.1  mm  overage)  arranged  in  a  log- 
jara-like  orientation  with  the  chlorite  and  cubic  magnetite 
infilling  the  interstitial  voids.  Although  no  definitive  com¬ 
position  could  be  determined  on  the  plagioclase  using  conven¬ 
tional  optical  methods  (i.e.  Michael  Levy  method)  it  is  bel¬ 
ieved  to  be  around  An30  as  its  N  > balsam  and  the  extinction 

angle  is  13”17°* 

( iv )  feldspar-porphyry  dykes: 

Two  dykes  of  this  composition  were  seen  in  the  field 
(  late  33)  where  they  are  typically  aphanitic,  green  rocks 
with  10—20%  coarser  phenocrysts  of  feldspar.  In  thin  section 
they  consist  of  subhedral  to  euhedral  phenocrysts  of  K—  feldspar 
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ranging  from  2-5  mm  in  size  set  in  a  fine-grained  matrix 
(40.1  mm)  consisting  of  plagioclase  laths,  penninite,  and  mag- 
rnetite  exhibiting  a  trachytic  texture;  in  one  section  2-3% 
biotite  also  occurred  in  the  matrix.  The  matrix  is  typically 
altered  to  both  sericite  and  carbonate.  The  phenocrysts  are 
invariably  altered  to  carbonate  (Plate  34)  but  shows  textures 
suggesting  that  the  alteration  may  have  originated  at  depth. 

In  one  thin  section  the  phenocrysts  consisted  of  coarse  car¬ 
bonate  and  plagioclase  but  the  surrounding  matrix  was  not  al¬ 
tered  and  the  boundary  between  the  phenocryst  and  the  matrix 
was  very  sharp.  In  other  cases  the  outline  of  the  phenocryst 
was  diffuse  suggesting  that  the  alteration  to  carbonate  was 
post  intrusion. 

(v )  feldspar-pyroxene  porphyry  dykes! 

Only  two  outcrops  of  this  type  of  dyke  were  seen 
and  they  were  on  strike  suggesting  they  were  part  of  one  in¬ 
trusion  as  indicated  on  the  map,  western  portion.  In  hand 
specimen  the  dyke  consists  of  15-20%  phenocrysts  of  feldspar 
(1-4  mm)  and  5-10%  phenocrysts  of  a  mafic  phase (1-3  mm),  in 
a  fine-grained,  green  aphanitic  matrix.  In  thin  section  one 
can  see  that  the  feldspar  grains  are  euhedral  to  subhedral  in 
outline  and  are  typically  altered  to  sericite  and  kaolinite. 
There  are  approximately  equal  amounts  of  K-feldspar  and  plagio¬ 
clase  (An24— 26).  The  mafic  phase  is  actinolite  but  remnant 
patches  of  pyroxene  are  present,  probably  augite  (Plate  35). 
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The  matrix  is  composed  of  plagioclase,  chlorite,  and  magnet¬ 
ite,  again  exhibiting  a  trachytic  texture. 

5.4.3  Gabbro  Stock 

Cutting  the  sedimentary  sequence  in  the  western 
portion  of  the  map  area  is  a  syenitic-gabbroic  stock  which 
ranges  in  composition  from  peridotite  to  syenite.  It  was  seen 
cross-cutting  fine-grained,  green  aphanitic  dykes  in  the 
field  thus  suggesting  that  it  is  the  youngest  lithological 
unit  in  the  area.  Three  thin  sections  were  examined  and  will 
be  described  separately. 

M-104)  Wehrlite  to  Dunite  —  composed  of  olivine  (80-85%), 
clinopyroxene  (3-4%),  biotite  (2-3%) »  plagioclase  (5-10%)  and 
magnetite  (1-2%).  The  rock  consists  predominantly  of  olivine 
(0.5-1  mm),  iron  rich  fayalite  (Zv  =  40-50°)  variety,  which 
has  altered  to  serpentine.  The  pyroxene  is  augitic  and  is  an- 
hedral  to  subhedral  in  outline  and  is  typically  finei  grained 
than  the  olivine.  Large  flakes  of  biotite  (2—3  mm)  occur  and 
exhibit  a  cumulate  texture.  It  is  iron  rich  (i.e.  deep  red¬ 
dish  orange  color)  and  is  commonly  being  replaced  by  magnetite 
selvages.  The  plagioclase,  An36— 40,  is  also  of  cumulate 
origin  and  is  very  fresh  with  little  alteration  present.  Mag¬ 
netite  may  occur  as  single  cubes,  veinlets  cutting  olivine 
and  serpentine,  as  selvages  in  the  biotite,  or  as  rims  border¬ 


ing  olivine  grains. 
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(M— 110 )  Gabbronorite  —  composed  of  plagioclase  (40-50%), 
hypersthene  (25-30%),  augite  (25%),  biotite  (1-2%),  olivine 
(1%),  magnetite  and  accessory  chlorite,  rutile,  and  zircon. 

The  texture  is  hypidiomorphic  ophitic  with  the  mafic  minerals 
all  being  anhedral  and  badly  corroded,  the  grain  size  averages 
0. 5-1*5  mm.  The  plagioclase  is  typically  euhedral,  is  around 
An40  in  composition  and  is  unaltered.  Twinning  occurs  by  the 
albite,  carlsbad,  and  pericline  laws.  Hypersthene  is  distic- 
tly  pleochroic  from  green  to  red  and  has  straight  extinction, 
it  is  not  uncommon  for  it  to  be  partially  altered  to  either 
biotite  or  chlorite  around  its  margins.  Augite,  commonly 
twinned,  is  also  altered  along  its  margin  and  is  usually 
more  corroded  than  is  hypersthene,  it  may  also  occur  as  coarse 
crystals  up  to  2-2.5  mm  in  size  and  frequently  envelops  pla¬ 
gioclase  laths.  Biotite  occurs  as  an  alteration  product  of 
pyroxene  with  no  primary  phases  seen. 

M-lll  Quartz  Monzonite: 

Composed  of  quartz  (15-20%),  K-feldspar  (40%),  plag¬ 
ioclase  (40%  to  45%),  penninite  (2-5%),  minor  magnetite  and 
accessory  zircon.  The  texture  is  hypidiomorphic  granular  with 
the  grain  size  about  1  mm.  Quartz  occurs  as  anhedral,  ameboid 
shaped  grains  free  of  inclusions  and  does  not  exhibit  undula- 
tory  extinction.  Plagioclase,  averaging  An30  composition, 
is  typically  subhedral  and  is  altered  (5—10%)  to  sericite. 
Qrthoclase  occurs  as  anhedral  to  subhedral  grains  and  is 
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unaltered.  The  only  mafic  phase  is  penninite  which  is  charac¬ 
terized  by  containing  numerous  inclusions  of  zircon  surrounded 
by  pleochroic  haloes. 

5*5  Uranium  Mineralization 

Uranium  mineralization  at  the  Moran  Lake  'B*  Zone 
is  confined  mainly  to  coarse  grained  anorthositic  dykes  (type 
i)  and  medium  grained  anorthositic  dykes  (type  ii),  and  feld¬ 
spar  porphyry  dykes  (type  iv ) .  Uranium  mineralization  was 
found  within  the  sediments  adjacent  to  the  dykes,  but  also  in 
areas  where  no  dykes  were  observed.  In  the  latter  case  this 
may  indicate  the  presence  of  dykes  immediately  below  the  sur¬ 
face. 

Uranium  mineralization  is  predominantly  encountered 
in  type  (i)  dykes  where  carbonate  and  hematitic  alteration 
are  most  abundant.  This  was  confirmed  from  radioluxograph 
studies  which  show  that  the  uranium  mineralization  corresponds 
to  these  parts  of  the  sample  containing  hematitic  alteration 
(Plates  36  and  37) ♦  and  also  where  veinlets  cut  the  rock  and 
have  caused  alteration  due  to  the  subsequent  passage  of  ore 
fluids.  Where  mineralization  is  found  within  sediments,  it 
is  confined  to  fractures  where  chloritic,  hematitic ,  and  car¬ 
bonate  alteration  are  most  intense.  Staining  of  the  carbonate 
phase  found  in  both  the  dykes  and  sediments  indicated  the 
presence  of  dolomite,  ferroan  dolomite,  ankerite,  white  cal— 
cite  and  red  calcite.  There  was  no  consistency  noted  as  to 
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the  occurrence  of  any  particular  type  of  carbonate. 

A  radiometric  survey  (Figure  64)  was  attempted  in 
the  map  area  but  the  results  were  disappointing  and  no  cor¬ 
relation  could  be  made  with  the  geologyi.  The  reason  for  the 
failure  could  possibly  be  attributed  to  the  amount  of  overbur¬ 
den  in  the  area  which  is  further  covered  by  a  layer  of  damp 
moss.  Ellingwood  (1958)  also  reported  little  success  in  a 
similar  type  survey  even  where  the  interval  spacing  was  cut 
to  ten  metres  and  then  two  metres. 

From  thin-section  studies  one  can  see  that  the  uran¬ 
ium  phase  is  commonly  associated  with  large  euhedral  sphene 
crystals  (Plate  38)  up  to  0.5-1  mm  in  size  and  exhibiting 
strong  pleochroism.  From  qualitative  electron  microprobe  stu¬ 
dies  and  ref lect ed-light  studies  it  was  noted  that  uranium 
mineralization  was  also  associated  with  anatase  and  rutile. 
Also  noted  was  that  the  plagioclase  associated  with  these 
parts  of  the  rock  containing  uranium  mineralization  were  com¬ 
monly  albitic  in  composition  (with  either  very  little  or  no 
calcium  content).  Identification  of  the  uranium  phase  indica¬ 
ted  the  uranium  mineral  was  brannerite  (UTiO^)  (plate  39)* 
chart  recording  of  an  EDA  spectrum  of  the  mineral  is  presen¬ 
ted  in  Figure  65. 

The  chemical  analyses  of  four  uranium  phases  dated 
is  presented  in  Table  19*  Analysis  of  thorium  was  not  attemp¬ 
ted  as  a  self-discriminating  scintillometer  had  previously 
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EDA  spectrum  for  brannerite  mineralization 
from  the  Moran  Lake  'B'  Zone  uranium  deposit 
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indicated  that  the  radioactivity  was  duo  to  uranium  only  and 

that  thorium  was  absent  or  only  present  in  trace  amounts. 

208  204 

Ratios  of  Pb/  Pb  also  indicated  that  thorium  was  absent, 
with  ratios  typical  of  normal  lead  ( —  35 ) «  and  the  low  ^^Pb 
content  confirms  the  absence  of  thorium.  The  analyses  indi¬ 
cate  a  high  uranium  content  for  three  of  the  four  samples 
(40%  versus  7 %),  this  is  reasonable  for  brannerite  which  may 
contain  26.5-43*6%  U  (Hounslow,  1976)^ except  for  sample  M-48. 
In  this  latter  case  leaching  of  the  uranium  during  weathering 
may  have  resulted  in  uranium  loss. 

Uranium  mineralization  in  the  Moran  Lake  ’B'Zone 
is  mainiy  found  in  anorthositic  dykes  displaying  the  follow¬ 
ing  characteristics; 

1)  high  content  of  accessory  titanium  minerals  sphene, 
anatase  and  rutile; 

2)  associated  with  dykes  which  have  undergone  brecciation 
and  subsequent  alteration  by  ore  forming  fluids; 

3)  heraatitic  alteration; 

4)  carbonate  alteration; 

5)  chloritic  alteration. 

Where  mineralization  is  found  in  sediments,  similar 
alteration  is  developed  and  it  is  assumed  that  the  ore  fluids 
have  originated  in  the  adjacent  dykes. 

Associated  mineralization  includes  minor  amounts 
of  the  sulphides  pyrite,  chalcopyrite ,  bornite,  covellite 
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and  chalcocito.  It  should  be  noted  that  some  yellow,  secon¬ 
dary  uranium  stains  were  observed  where  uranium  mineraliza¬ 
tion  was  found, 

5.6  Uranium  -  Lead  Dating 

Four  samples  were  selected  for  dating  from  the  '  B' 

Zone  at  Moran  Lake  and  the  results  are  presented  in  Table  19 

and  plotted  on  a  concordia  diagram  in  Figure  66,  The 
207  ,206 

Pb/  Pb  ages  range  from  1520-1740  Ma  with  the  latter  age 
being  fairly  concordant.  On  the  concordia  plot  they  define 
a  linear  trend  suggesting  an  age  of  1700-1750  Ma  for  the 
mineralization  with  subsequent  lead  diffusion  from  the 
samples.  The  negligible  Pb  contents  indicate  the  absence 

of  any  thorium,  as  mentioned  previously,  thus  precluding  a 
magmatic  source  for  the  uranium  but  implying  instead  a  past 
history  of  remobilization.  A  Pb/  Pb  versus  Pb/  Pb 
plot  (Figure  67)  indicates  an  age  of  17&5  Ma  suggesting  a 
simple,  single  mineralizing  event  for  the  *B*  Zone. 


Although  the  age  appears  reasonable  and  the  high 
uranium  content  of  the  samples  and  precision  of  the  analyses 
would  verify  the  results,  the  age  of  mineralization  conflicts 
with  the  assumed  age  of  the  host  rocks.  The  anorthositic 
dykes  containing  the  mineralization  cut  the  Paleohelikian 
Heggart  Lake  Formation  (Smyth  et  al. ,  1975)  which  would 
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Concordia  diagram  for  U-Pb  data  from  the  Moran 
'B'  Zone  uranium  deposit 
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F igure  67 

207Pb/204Pb  versus206Pb/204Pb  plot  for  U-Pb  data 
from  the  Moran  Lake  ' B '  Zone  uranium  deposit 
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have  a  maximum  age  of  ~l650  Ma  according  to  Stockwell  (1964). 
However,  the  only  geologic  criteria  used  for  this  classifica¬ 
tion  is  the  unconformity  between  the  Aphebian  Moran  Group  and 
the  overlying  Heggart  Lake  sediments.  If  the  Moran  Group  is 
a  time  stratigraphic  equivalent  to  the  lower  Aillik  Group 
which  contains  epigenetic  uranium  mineralization  dated  at 
1750-1770  Ma  (see  Chapter  6)  at  Kitts,  and  is  cut  by  the  Long 
Island  Gneiss  dated  at  1840  Ma  (Gandhi  et  al. ,  1969),  then 
the  Moran  Group  could  very  well  be  overlain  by  sediments  of 
~1750  Ma  age.  Thus,  if  an  older  age  is  assigned  to  the 
Heggart  Lake  Formation  then  the  age  of  mineralization  at  the 
Moran  Lake  'B'  Zone  of  1700-1750  Ma  is  reasonable. 

In  summary,  the  age  of  mineralization  at  the  'B’ 
Zone  is  believed  to  be  1700-1750  Ma ,  based  upon  four  uranium 
samples  dated  (one  of  which  is  nearly  concordant).  This  age 
is  geologically  reasonable  if  an  older  age  is  assigned  to  the 
Paleohelikian  Heggart  Lake  Formation  which  hosts  the  mineral¬ 
ized  anorthositic  dykes.  Low  ^^Pb  contents  indicate  the 
absence  of  thorium  and  thus  precludes  a  magmatic  source  for 
the  uranium  mineralization,  suggesting  instead  that  the 
uranium  was  remobilized  and  incorporated  in  the  ascending 
dykes . 

5.7  Discussion  and  Interpretation 

The  association  of  uranium  mineralization  with 
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mafic  dykes  is  not  a  common  phenomenon  and  usually  one  assoc¬ 
iates  it  with  the  more  felsic  phases  of  igneous  rocks  (Larsen 
et  al. ,  1955;  Boshe  et  al. ,  1974)  although  Page  (i960  in 
Beck,  1970)  has  compiled  a  considerable  amount  of  evidence 
to  show  that,  to  the  contrary,  pitchblende  deposits  may  in 
fact  be  related  to  basic  igneous  rocks.  However,  in  many 
cases  the  association  of  uranium  mineralization  with  mafic 
igneous  rocks  does  not  necessarily  imply  that  the  source  of 
the  uranium  was  the  parent  magma.  For  example,  lamprophyre 
dykes  cutting  granite  or  meta-gneiss  at  Theano  Point,  Ontario 
(Working  Group  Report  No.  4,  1970)  are  believed  to  have  retno- 
bilized  earlier  uranium  concentrated  in  the  felsic  rocks  they 
cut;  lamprophyre  dykes  cutting  Helikian  arkoses  at  Baker  Lake 
(Miller  and  LeCheminant ,  197&)  are  believed  to  have  remobil¬ 
ized  Ag— Cu-U  mineralization  from  the  host  sedimentary  rock; 
diabase  dykes  in  the  Athabasca  region  contain  uranium  miner¬ 
alization  (Beck,  1970);  and  mafic  dykes  (porphyritic  basalt) 
are  described  by  Piche  (1955)  cutting  felsic  volcanics  of  the 
Bruce  River  Group  at  Madsen  Lake;  in  this  latter  case  assays 
indicated  0.44-2.01%  U^Og, probably  remobilized  out  of  the 
volcanics.  In  all  of  the  cases  cited  above  the  uranium  was 
probably  remobilized  out  of  host  rocks.  The  same  mechanism 
is  thus  envisaged  for  the  Moran  Lake  ' B'  Zone. 

Uranium  mineralization  in  the  1 B*  Zone  is  believed 
to  have  been  remobilized  out  of  the  Moran  Group  metasediments 
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at  depth  and  incorporated  in  the  ascending  magma.  Since  the 
Moran  Group  is  probably  a  correlative  of  the  lower  Aphebian 
Aillik  Group,  a  sequence  known  to  contain  numerous  uranifer- 
ous  occurrences,  it  is  quite  likely  that  it  also  contains 
uranium.  Not  only  did  the  ascending  magma  incorporate  uran¬ 
ium  but  it  may  very  well  have  assimilated  dolomitic  material 
which  forms  thin  beds  within  the  lower  part  of  the  Moran 
Group  (Smyth  et  al. ,  1975 )*  thus  explaining  the  abundant 
carbonate  alteration.  The  lack  of  thorium  in  the  deposit 
would  favour  a  remobilized  origin  for  the  mineralization 
rather  than  magmatic,  although  one  should  not  rule  out  the 
possibility  of  a  component  being  contributed  by  the  Heggart 
Lake  sediments  also.  The  presence  of  a  carbonate  component 
may  suggest  that  uranium  might  have  been  transported  as  a 
uranylcarbonat e  complex  even  at  these  elevated  temperatures 
although  contrary  to  the  work  of  Rich  et  al.  (1977) ♦  Kimberley 
(1978),  and  Romberger  (1978),  but  in  accordance  with  Poty  jH: 
al.  (1974)  and  Poty  (1977). 

The  relationship  between  the  various  types  of  dyke¬ 
like  bodies  and  the  differentiated  stock  remains  vague. 
Whether  all  these  bodies  are  genetically  related  or  represent 
several  independent  phases  of  intrusion  remains  to  be  solved 
although  it  is  likely  that  they  are  part  of  a  single  event 
with  perhaps  the  small  stock  representing  a  younger  period 
of  intrusion  (Elsonian  ?).  What  is  of  more  concern  to  this 


' 


250 


study  is  why  some  dykes  contain  mineralization  and  others 
are  barren.  The  only  consistent  correlation  between  uranium 
mineralization  and  the  type  of  rock  hosting  it  is  that  the 
dyke  is  typically  coarse-grained,  and  contains  a  high  acces¬ 
sory  content  of  sphene,  with  which  the  brannerite  is  associ¬ 
ated. 

Although  the  age  obtained  on  the  mineralization, 
*'•1750  Ma,  is  somewhat  higher  than  expected,  it  may  be  geolo¬ 
gically  feasible  as  discussed  earlier.  Perhaps  dating  of  the 
sphene  by  the  U-Pb  method  would  solve  this  apparent  discord¬ 
ancy.  However,  at  present  the  age  is  believed  to  reflect  the 
true  time  of  mineralization. 

In  summary,  uranium  mineralization  at  the  Moran  Lake 
1  B'  Zone  is  found  within  anorthositic  dykes,  part  of  a  small 
dyke  swarm  found  south  of  Moran  Lake,  characterized  by  their 
coarse-grait? ,  brecciated  nature,  carbonate  and  hematite  alt¬ 
eration  and  high  accessory  content  of  sphene.  Low  thorium 
contents,  or  its  virtual  absence,  suggests  that  the  source 
of  the  uranium  was  not  magmatic  but  instead  implies  that  it 
was  probably  remobilized  out  of  a  previous  host.  Uranium  is 
believed  to  have  been  originally  concentrated  in  metapelites 
and  metacarbonates  of  the  Moran  Group  before  being  remobil— 
ized  and  incorporated  into  ascending  magmas.  The  age  of  this 
event  has  been  dated  at  —*1750  Ma.  It  should  be  noted  that 
native  gold  is  sometimes  associated  with  brannerite  minerali— 
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zaticn  (Steacy  and  Kairaan,  1978),  however,  the  writer  is  not 
aware  of  the  identification  of  gold  in  the  'B'  Zone  or  even 
if  it  has  been  assayed. 

5 • 8  Moran  Lake  1  C'  Zone:  Introduction  and  Previous  Work 

Uranium  mineralization  at  the  Moran  Lake  1  C*  Zone 
was  found  by  the  prospectors  A.  Montague  and  L.  Montague  in 
1957  (Corriveau,  1958).  Subsequently,  the  area  was  held  by 
Mokta  Ltd.  ( Bernazeaud , 1965 )  and  then  by  Commodore  Mining  Ltd. 
who  optioned  it  to  Shell  Company  Ltd.  in  1976.  At  present 
the  area  is  still  under  investigation  by  Shell. 

The  'C*  Zone,  located  on  the  south  side  of  Lake 
202  (Figure  68),  was  mapped  in  detail  during  the  middle  of 
July,  1977  utilizing  the  grid  set  up  by  Shell,  part  of 
which  was  developed  by  Brinex  and  Mokta  during  their  earlier 
investigations.  Uranium  mineralization  occurs  in  two  areas 
within  the  ,C*  Zone,  one  hosted  by  brecciated  Moran  Group 
mafic  volcanics  on  the  north  shore  of  Lake  202  and  the  second 
hosted  by  a  volcanic  breccia,  part  of  the  Heggart  Lake  Forma¬ 
tion,  located  just  to  the  south  of  the  Lake.  The  latter  Zone 
is  more  important  and  was  the  focus  of  the  study  in  the  '  C* 
Zone,  however,  the  other  was  studied  but  only  in  a  cursory 
fashion  and  shall  be  discussed  as  such. 

Previous  work  in  the  area  is  included  in  the  reports 
of  Corriveau  (1958),  Ellingwood  (1958),  Bernazeaud  (1965)1  and 
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Smyth  and  Ryan  (1977)* 

5 • 9  Local  Geology  of  the  tCt  Zone 

The  * C*  Zone  is  underlain  by  Heggart  Lake  Formation 
sedimentary  and  volcanic  rocks,  bounded  to  the  north  and  west 
by  upfaulted  blocks  of  Moran  Group  mafic  volcanic  rocks, 

Figure  68.  The  Aphebian  Moran  Group  mafic  volcanics,  the 
oldest  rocks  in  the  area,  are  olive  green,  massive  to  pillowed 
volcanics  (Plate  40).  They  are  typically  void  of  any  fabric 
except  where  faulting  has  occurred  and  in  these  places,  such 
as  along  the  north  shore  of  Lake  202,  they  are  intensely  * 
sheared  and  brecciated  and  have  subsequently  been  veined  by 
red  and  white  carbonate.  Staining  of  the  carbonate  has  shown 
it  to  be  mostly  calcite  with  minor  ankerite  and  ferroan  dolo¬ 
mite,  this  is  associated  with  minor  sulphide  mineralization. 
The  sliver  of  volcanics  in  the  western  portion  of  the  map  area 
forms  a  prominent  ridge  and  another  is  developed  north  of 
Lake  202.  In  thin  section  the  volcanics  consist  of  pyroxene 
(10%),  plagioclase  (1—2%)  and  minor  olivine  set  in  a  fine¬ 
grained  matrix  composed  predominantly  of  plagioclase  laths 
(50%)  and  chlorite  (50%)  with  minor  amounts  of  magnetite. 

The  pyroxene  is  augite  and  is  anhedral  in  shape  with  corroded 
borders  and  is  usually  altered  to  chlorite  and  magnetite. 

The  rock  is  typically  massive  but  may  be  brecciated  and  veined 
by  calcite  in  sections  examined  from  specimens  proximal  to 
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shears • 

Near  the  south  shore  of  Lake  202  the  Heggart  Lake 
Formation  consists  of  weakly  cleaved,  reddish-brown,  medium¬ 
grained,  feldspathic  quartzites  and  arkoses,  which  form  a 
lengthy  unit  trending  northeast-southwest  across  the  map 
area.  The  sediments  may  vary  somewhat  and  outcrops  of  white 
quartzite  and  red,  siliceous  mudstones  were  also  seen  locally. 
Typically  the  sediments  are  void  of  sedimentary  structures 
but  occasionally  small-scale  cross  bedding  and  scour  and  fill 
structures  were  observed  indicating  tops  to  the  south.  Gen¬ 
erally,  the  attitude  of  the  beds  was  060°/50°S  but  this  steep¬ 
ened  in  the  direction  of  the  fault  contact  with  the  Moran 
Group  volcanics.  Coinciding  with  this  was  the  development 
of  a  cleavage  thus  suggesting  that  it  is  related  to  faulting. 

It  was  not  uncommon  to  find  conglomeratic  bands  within  this 
unit  and  a  relatively  thick  lens  (25-30  metres)  of  conglomer¬ 
ate  is  found  in  the  western  portion  of  the  map  area.  It  con¬ 
sists  predominantly  of  sedimentary  clasts,  probably  derived 
from  the  underlying  sediments,  which  are  angular  to  subrounded 
in  shape  and  flattened  in  the  plane  of  bedding  in  an  imbricate— 
like  manner.  They  are  from  2—12  cm  in  size  and  vary  in  com¬ 
position  from  red  siliceous  mudstones,  red  quartzose  sand¬ 
stones,  arkoses  and  fine-grained  feldspathic  siltstones  with 
a  few  clasts  of  granite  and  rhyolite,  all  set  in  a  matrix  of 
coarse  arkosic  sandstone. 
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Overlying  this  unit  is  a  conglomeratic  horizon 
which  consists  of  two  different  types  of  conglomerate.  Im¬ 
mediately  above  the  medium-grained  sandstones  is  an  oligomic- 
tic  conglomerate  (Plate  4l)  similar  to  the  one  just  described 
It  consists  of  sedimentary  clasts  generally  of  rectangular 
shape  with  the  majority  between  6-8  cm  in  size  and  arranged 
in  an  imbricat e-like  fashion.  As  above,  the  clasts  probably 
originated  from  the  underlying  sediments  as  they  are  of  the 
same  lithology  (i.e.  red  brown  sandstones,  arkoses,  siliceous 
mudstones  and  siltstones).  The  matrix,  approximately  10-20% 
of  the  volume,  is  coarse-grained  feldspathic  sandstone  with 
a  high  quartz  content.  This  unit  is  approximately  3  metres 
thick  and  is  overlain  by  a  polymictic  conglomerate.  This  con 
glomerate  contrasts  to  the  underlying  one  in  that  its  source 
area  is  of  regional,  as  opposed  to  local,  provenance.  It 
consists  of  subrounded  to  elliptical-shaped  clasts,  generally 
25-30  cm  by  10  cm  in  size,  composed  of  quartzite,  rhyolite, 
quartz-porphyry,  andesite,  granite,  gneiss,  red  sandstones 
of  fine  to  medium-grain  size,  and  conglomerates,  set  in  a 
matrix  (10%)  of  arkose  and  small  clasts,  1—5  cm  in  size  and 
of  similar  composition  as  the  coarse  ones.  This  conglomerate 
contains  a  weakly  penetrative  cleavage  which  becomes  more 
prominent  towards  the  south  where  it  is  in  contact  with  the 
overlying  unit.  This  is  attributed  to  a».  northeast— southwest 
trending  fault  which  traverses  the  map  area. 
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Overlying  the  polymictic  conglomerate  south  of  the 
east-west  trending  fault  is  a  unit  composed  of  intermediate 
volcanic  rocks  with  intercalated  lenses  of  tuff  and  lithic 
tuff.  This  unit  has  previously  been  mapped  as  an  explosive 
breccia  by  Smyth  and  Ryan  (1977)$  a  volcanic  breccia  by  both 
Ellingwood  (1958)  and  Corriveau  (1958),  and  a  dolomitized 
sandstone  by  Bernazeaud ( 19^5 ) •  The  unit  trends  northeast- 
southwest  across  the  map  area  and  is  fault-bounded  to  both 
the  east  and  west  with  some  displacement  of  the  unit  occurring 
in  the  eastern  portion  of  the  map  area  along  an  east-west 
trending  fault.  In  outcrop  the  unit  consists  of  three  diff¬ 
erent  lithologies,  the  most  prominent  being  a  pyroclastic 
unit  • 

The  pyroclastic  unit  is  typically  buff  to  yellowish 
brown  in  color  on  weathered  surfaces  (approximately  0.5  cm 
thick)  with  variable  amounts  of  fragmental  material  (0**50%) 
of  0.25-4  cm  size  with  the  majority  < 1  cm  (plate  42).  These 
clasts,  being  more  resistive  to  weathering,  stand  out  above 
the  weathered  surface  producing  a  very  distinctive  texture. 

The  alignment  of  the  clasts  varies  from  50°  to  near  vertical, 
the  steepness  of  this  dip  is  what  led  Smyth  and  Ryan  (1977) 
to  their  interpretation  of  the  unit  as  an  explosive  breccia 
or  diatreme  (Smyth,  personal  communication).  On  an  unweath¬ 
ered  or  fresh  surface  the  rock  shows  white  to  pink  fragments 
in  a  dark  gray,  blue  or  purplish  matrix.  The  fragments  are 
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usually  lenticular  in  shape  and  are  parallel,  this  has  been 
interpreted  to  represent  bedding  (Plate  43).  The  rocks  reac¬ 
ted  only  slightly  with  dilute  HC1  acid  suggesting  dolomite 
rather  than  calcite  as  the  carbonate  component.  Staining  of 
the  samples  with  a  carbonate  solution  (Evamy,  1963)  indicates 
ankerite  and  ferroan  dolomite  to  be  more  specific.  The  alter¬ 
ation  is  usually  restricted  to  the  matrix  though,  with  the 
fragments  not  reacting  with  the  staining  solution  except  where 
they  have  been  fractured  and  infilled  by  the  matrix. 

It  was  not  possible  to  differentiate  between  the 
different  pyroclastic  units  in  the  field,  however,  they  do 
change  their  character  over  very  short  distances  and  in  one 
cut  specimen  four  distinct  lithologies  could  be  distinguished 
over  a  5  cm  length  thus  suggesting  rapid  vertical  changes  in 
the  lithologies.  In  thin  section  the  rocks  showed  remarkable 
similarity  to  one  another  consisting  of  tuffaceous  size  (l/l6 
-2  mm;  Fischer,  1961)  angular  fragments  embedded  in  a  matrix 
of  carbonate,  plagioclase,  feldspar  and  minor  magnetite** 
chlorite  which  appears  to  flow  around  the  fragments  (Plate 
44).  The  fragments  have  discrete  boundaries  and  are  straight 
rather  than  corroded,  they  frequently  show  invasion  of  the 
matrix  along  fractures.  There  are  two  types  of  fragments 
composed  of  either  carbonate  and  plagioclase  in  varying  pro¬ 
portions  from  pure  carbonate  to  pure  plagioclase  or  quartz, 
carbonate,  plagioclase,  K- feldspar,  and  magnetite.  The  former 
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type  is  the  most  common  accounting  for  >95%  of  the  fragments 
seen.  In  the  first  type  the  carbonate  varies  from  0.5-2  cm 
in  size  with  the  larger  grains  showing  twin  planes;  the  plagio¬ 
clase,  0.1-0. 5  mm,  occurs  in  two  forms,  either  as  accicular 
laths  or  tabular  crystals  and  are  andesine  in  composition, 
only  a  few  measurements  could  be  made  to  determine  their 
composition  due  to  the  absence  of  albite  twinning.  Their  tex¬ 
tures  (i.e.  swallow  tail,  rosettes,  feathery,  etc.,  Plate  45) 
are  similar  to  quench  textures  described  by  Gelinas  and 
Brooks  (1974),  and  Pearce  and  Donaldson  (1975)  for  submarine 
basalts.  Ryan  (1977)  reports  similar  textures  for  mafic  vol- 
canics  from  the  Moran  Group  known  to  underlie  the  area.  Some 
of  the  fragments  contain  plagioclase  (0.5-2  mm)  which  shows 
an  equigranular ,  hypidiomorphic  texture  more  characteristic 
of  dyke  rocks  than  volcanics.  In  some  instances  coarser 
plagioclase  (1-2  mm)  may  be  enveloped  by  a  microlitic  matrix 
of  fine-grained  plagioclase.  Some  of  these  fragments  resemble 
the  type  (iii)  dyke  rock  from  the  Moran  Lake  ’  B'  Zone. 

The  second,  and  less  abundant,  type  of  fragment  is 
composed  of  rounded  to  subrounded  quartz,  K-feldspar,  plagio¬ 
clase,  and  minor  magnetite  with  small  carbonate  crystals 
(^0.1  mm)  scattered  throughout.  The  fragments  resemble  silt- 
stones  and  fine-grained  sandstones  in  texture.  These  were 
probably  derived  from  the  underlying  sediments  described  pre¬ 


viously. 
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Some  sections  of  the  volcanic  breccia  showing  little 
carbonate  alteration  resemble  a  fine-grained  volcanic  matrix 
(Plate  46)  composed  of  0. 5-0.1  mm  plagioclase  laths  of  andes- 
ine  composition.  No  mafic  components  (i.e.  pyroxene)  were 
noted  other  than  veinlets  of  penninite. 

The  two  other  members  of  the  volcanic  unit  are  red 
and  green  fine-grained  volcanics.  In  outcrop  one  can  discern 
a  volcanic  texture  in  the  green  unit  indicated  by  the  paral¬ 
lel  alignment  of  plagioclase  laths,  1-3  mm  in  size,  in  a 
fine-grained  matrix.  The  red  unit  is  typically  much  finer- 
grained  than  this  and  was  originally  mapped  as  a  fine¬ 
grained  sediment  (Kontak,  1978)*  However,  in  thin  section 
the  rock  shows  a  finer-grained  (.05-0.1  mm)  pilotaxitic  tex¬ 
ture  with  coarser  sections  (plagioclase  laths  up  to  1-1.5  mm 
in  size);  the  only  other  components  are  carbonate  and  magnet¬ 
ite  and  in  the  green  volcanics  penninite,  magnetite,  and 
carbonate.  In  one  section  veinlets  of  plagioclase  laths  (o.l- 
0.3  mm)  were  seen  cutting  the  rock  (Plate  47)  and  they  were 
also  noted  to  cut  across  earlier  veinlets  of  anKerite.  The 
same  section  was  stained  for  carbonate  indicating  that  the 
carbonate  in  the  matrix  was  ankerite  and  composed  30%  of  the 
rock. 

Overlying  the  volcanic  unit  (Plate  48),  is  a  poly— 
mictic  conglomerate  similar  to  that  described  earlier  which 
shows  a  weakly  developed  fabric  in  some  outcrops.  This 
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contact  was  only  uncovered  in  one  spot  where  it  was  dipping 
to  the  south  at  50°.  The  unit  also  contains  red  brown  sand¬ 
stones  and  siltstones  of  feldspathic  character  typically 
void  of  any  sedimentary  structures,  similar  to  the  lower  sed¬ 
imentary  sequence. 

Cutting  the  sediments  and  volcanics  are  fine¬ 
grained,  green  aphanitic  dykes.  Although  typically  1-2  metres 
thick  and  trending  east-west  parallel  to  the  local  strati¬ 
graphy  one  dyke  in  the  eastern  portion  of  the  map  area  was 
30  metres  wide  and  orientated  vertically  (Plate  49) ,  tren¬ 
ding  northwest-southeast.  The  dykes  have  a  microlitic  texture 
in  thin  section  with  1-5%  coarser  plagioclase  laths  of  andes- 
ine  composition.  Other  components  include  magnetite,  carbon¬ 
ate  and  penninite  either  forming  part  of  the  matrix  or  as 
veinlets  cutting  the  rock. 

The  local  geology  has  been  modified  somewhat  due 
to  subsequent  faulting.  An  early  set  of  northeast  trending 
high  angle  reverse  faults  have  juxtaposed  Moran  Group  volcan¬ 
ics  against  the  Heggart  Lake  sediments  and  also  cuts  the 
local  stratigraphic  succession  cutting  out  the  mineralized 
zone  to  the  east.  However,  from  the  regional  mapping  of 
Ellingwood  (1958),  displacement  of  the  volcanic  breccia  unit 
with  respect  to  the  sandstones  appears  minor ,  the  fault 
having  rotated  in  a  scissor— like  fashion  with  the  greatest 
amount  of  displacement  occurring  to  the  west.  The  early 
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faults  ore  transected  by  a  set  of  northwest-southeast  trend¬ 
ing  normal  faults  which  terminate  the  westward  extension  of 
the  volcanic  breccia  and  caused  minor  displacement  in  the 
east. 

5.10  Origin  of  the  Volcanic  Breccia 

As  mentioned  previously  the  volcanic  breccia  had 
been  mapped  earlier  and  referred  to  by  various  authors  as  an 
explosive  breccia  or  diatreme  (Smyth  and  Ryan,  1977),  a  vol¬ 
canic  breccia  (Ellingwood,  1958;  Corriveau,  1958),  and  a 
dolomitized  sandstone  (Bernazeaud , 1965 ) .  The  writer  also 
classifies  the  unit  as  a  volcanic  breccia  based  on  the  follow¬ 
ing  criteria:  (i)  the  geometry  of  the  unit  (i.e.  concordancy 
of  the  brecciated  units  intercalated  with  the  mafic  volcanics 
and  their  parallelism  with  the  local  geologic  contacts); 

(ii)  the  existence,  although  rare,  of  mafic  volcanics  elsewhere 
in  the  Heggart  Lake  Formation  (Smyth  et  al. ,  1975;  Collins, 
1958);  (iii)  the  igneous  textures  (i.e.  welded  and  flattened 
fragments)  seen  in  thin  section  within  the  volcanic  breccia; 
(iv)  a  sharp  contact,  dipping ~ 50°  towards  the  south,  between 
a  breccia  lens  and  overlying  conglomerate;  (v)  the  microlitic 
textures  seen  in  thin  sections  of  unaltered  parts  of  the 
volcanic  breccia;  and  (vi)  units  which  in  thin  section  re¬ 
semble  typical  andesites  or  basalts  in  texture  showing  flow 


alignment  of  the  plagioclase  laths 
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However,  some  of  the  factors  may  also  be  true  if 
the  breccia  were  of  intrusive  origin.  Reinhardt  (1972)  des¬ 
cribes  breccia  pipes  controlled  by  faults  and  which  have 
elongate  outlines  rather  than  elliptical  or  circular  as  is 
common  for  breccia  pipes  (Bryner,  1961).  It  is  also  common 
to  find  an  igneous  texture  (i.e.  trachytic)  within  the  matrix 
of  these  pipes  such  as  Reinhardt  (1972)  describes  in  the  Great 
Slave  Lake  region  and  Shoemaker  (1955)  describes  for  dia- 
tremes  in  the  southwestern  states.  However,  notably  lacking 
within  the  unit  are  the  large  blocks  of  underlying  or  over — 
lying  lithologies  usually  found  within  these  bodies  (Shoe¬ 
maker,  1955)  formed  either  as  the  result  of  the  forceful  in¬ 
jection  of  the  body  or  collapse  of  the  overlying  strata  as 
found  at  Garnet  Ridge,  Arizona  (Garasci  and  Kerr,  1968). 
Another  notable  difference  is  the  size  of  the  fragments,  at 
Moran  Lake  the  clasts  range  from  0.5  mm-4  cm  as  compared  to 
tens  of  metres  for  the  maximum  size  of  blocks  found  within 
diatremes. 

Thus,  the  evidence  is  interpreted  to  favour  an  ex¬ 
trusive  origin  for  the  breccia  unit.  However,  this  is  not 
to  rule  out  the  possibility  of  finding  a  pipe  beneath  this 
unit.  Instead,  this  pyroclastic  unit  may  represent  the  upper 
part  of  a  mature  diatreme  (Shoemaker,  1955)  usually  filled 
in  with  bedded  tuff  and  limestone  and  locally  with  thinly 
laminated  clay  and  siltstone  and  evaporites.  Lower  in  the 
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vent  these  sediments  give  way  to  more  massive  breccia  and 
agglomerate  and  ultimately  to  solid  igneous  rock.  There  were 
fragments  seen  in  the  volcanic  breccia  that  resembled  intru¬ 
sive  rocks,  these  may  thus  represent  fragments  of  an  under¬ 
lying  solid  igneous  body. 

It  is  suggested  then  that  this  unit  represents  the 
upper  part  of  a  vent  or  pipe.  The  fragments  it  contains  were 
derived  from  the  underlying  Moran  Group  volcanics  and  Heggart 
Lake  sediments.  A  continual  cycle  of  phreatic  volcanic  ac¬ 
tivity  followed  by  a  period  of  quiescence  is  envisaged  as 
fragments  similar  to  the  breccia  were  seen  within  the  unit. 
Extrusion  was  probably  into  a  shallow  water  environment  as 
suggested  by  the  sedimentary  structures  in  the  sandstones  and 
siltstones  below  the  breccia  and  also  by  the  pervasive  carbon 
ate  alteration.  The  origin  of  the  ankerite  and  dolomite  re¬ 
mains  vague,  although  it  is  common  to  associate  such  altera¬ 
tion  with  pipes  associated  with  volcanic  piles  it  is  unusual 
to  find  such  large  quantities  (i.e.  up  to  80-90%  in  some 
sections).  Franklin  et  al.  (1975)  describe  rocks  from  the 

Mattabi  deposit  containing  60%  carbonate  alteration  and 

2  + 

showed  that  dolomite  was  only  developed  where  [Fe  ]  was  low 
for  temperatures  around  200°C.  This  is  defined  by  the  foll¬ 
owing  reaction: 

CaMg(C03)2  +  2  Fe2+  2  FeCC>5  +  Ca2  +  +  Mg2  + 

Thin  beds  of  dolomite  outcrop  as  part  of  the  Moran  Group 
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which  underlies  the  area,  that  this  may  have  also  contributed 
to  the  carbonate  content  of  the  ascending  magma  seems  reason¬ 
able.  Also  it  is  interesting  to  note  that  Hack  (1942)  has 
suggested  that  much  of  the  limestone  in  the  Hopi  Butter 
diatremes  in  Arizona  is  of  hydrothermal  origin. 

The  green  and  red  volcanic  members  of  the  unit 
represent  passive  extrusion  more  akin  to  fissure-type  lava 
flows.  Perhaps  these  represent  subaerial  eruption  and  thus 
the  absence  of  water  prevented  phreatic  activity. 

5.11  Uranium  Mineralization 

Uranium  mineralization  at  Moran  Lake  is  confined 
to  two  zones,  the  more  common  occurrences  being  found  in  the 
volcanic  breccia  and  the  less  important  ones  located  in 
Moran  Group  volcanics.  The  latter  were  only  examined  in  a 
cursory  fashion  with  the  focus  of  the  study  on  the  former. 

Uranium  mineralization  in  the  Moran  volcanics  oc¬ 
curs  on  the  north  side  of  Lake  202  in  intensely  sheared  vol¬ 
canic  rocks  adjacent  to  a  southeast  dipping  fault  zone.  The 
rocks  have  been  invaded  by  white  and  red  carbonate  and  ac¬ 
companying  sulphides  (pyrite  and  chalco  pyrite).  Locally 
cubes  of  pyrite  up  to  3“4  mm  size  were  seen  in  the  carbonate 
veins.  Radioactivity  was  as  much  as  fifty  times  background 
and  was  attributed  to  uranium  rather  than  thorium  by  the  use 
of  a  self -discriminating  scintillometer.  Radioactivity  was 
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sporadic  and  only  occurred  locally  >  with  continuous  zones 
recognized  only  along  strike  with  the  faults. 

The  main  mineralization  in  the  *C'  Zone  occurs  in 
a  thin  lens  of  volcanic  breccia  and  can  be  traced  along 
strike  for  up  to  600  metres  (~2000  feet).  Increased  radioac¬ 
tivity  (10-15  x  background)  was  noted  on  the  red  and  green 
aphanitic  volcanic  units  also  but  this  did  not  approach  the 
readings  recorded  on  the  breccia  lenses.  Radioactivity 
seemed  to  be  higher  in  the  lower  breccia  unit,  for  what  reason 
is  not  known. 

Radioluxographs  (plates  50  and  51)  show  that  uran¬ 
ium  mineralization  occurs  either  at  thin  vein  fillings  or¬ 
ientated  in  numerous  directions  and/or  as  disseminated  min¬ 
eralization  within  the  rock.  In  this  latter  case  mineraliza¬ 
tion  was  usually  restricted  to  parts  of  the  rock  character¬ 
ized  by  either  a  red  (hematite  ?)  or  dark  dirty  brown  alter¬ 
ation.  There  did  not  seem  to  be  any  particular  pattern  to 
this  alteration  and  unmineralized  areas  were  frequently  seen 
enveloped  by  highly  mineralized  parts. 

Assays  reported  by  Corriveau  (1958)  on  the  breccia 
unit  are  listed  in  T  able  20.  The  highest  values  obtained 
were  0.13%  U^Og  over  distances  of  24  inches  and  36  inches  in 
two  localities.  The  best  results  obtained  were  an  average 
of  0.11%  over  a  nine  foot  width.  He  stated  that  the 

average  grade  for  the  2000  foot  long  mineralized  zone  was 
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0.06%.  He  also  noted  that  the  grade  tended  to  fall  off  to 
both  the  east  and  the  west  thus  concluding  that  ”.  .  .  the 

radioactive  zone  is  dying  out  and  most  of  the  zone  is  presum¬ 
ably  exposed.”  (Collins,  1958,  p.  3)* 

Uranium  geochemistry  obtained  from  isotopic  dilu¬ 
tion  analysis  is  presented  in  Table  19«  The  low  uranium 
values  might  imply  leaching  of  the  uraniferous  component  and 
low  2^Pb  values  indicate  the  low  abundance  of  thorium,  con¬ 
firming  what  was  assumed  from  the  readings  obtained  using  the 
scintillometer.  This  would  thus  suggest  a  past  history  during 
which  time  some  process  separated  uranium  and  thorium. 

Associated  mineralization  includes  pyrite  and  chal- 
copyrite , either  in  carbonate  veins  or  disseminated  within  the 
rock.  The  abundance  of  the  sulphides  was  never  noted  to  be 
very  significant. 

5.12  Uranium-Lead  Dating 

Only  three  specimens  were  selected  for  U— Pb  dating 
of  the  Moran  Lake  'C'  Zone  uranium  showing^  the  results  are 
presented  in  Table  19  and  plotted  on  a  concordia  diagram  in 
Figure  69.  T'he  three  points  define  a  fairly  good  lead  diffusion 
line  which  cuts  the  concordia  curve  at  ~1540  Ma ,  as  compared 
to  the  independent  2°7Pb/2°6Pb  ages  which  vary  from  1470- 
1560  Ma.  This  age  is  considered  to  be  geologically  reasonable 
although  it  is  considerably  younger  than  the  time  of  formation 
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Concordia  diagram  for  U-Pb  data  from  the  Moran 
Lake  'C'  Zone  uranium  deposit 
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for  the  host  rocks  considering  the  results  obtained  on  miner- 

207  204 

alization  from  the  Moran  Lake  ’  B'  Zone.  A  Pb/  Pb  ver- 
206  204 

sus  Pb/  Pb  isochron  plot  (Figure  ?0)  indicates  a  similar 
age  of  1590  Ma  suggesting  a  single  mineralizing  event  with 
no  subsequent  alteration  of  the  isotopic  system. 

Although  it  was  originally  thought  that  the  Moran 
Lake  ’B'  and  ’C'  Zones  might  be  related  genetically  (Kontak, 
1978)  the  results  obtained  from  the  geochronologic  studies 
would  negate  any  such  relationship.  What  would  be  interesting, 
however,  would  be  to  obtain  isotopic  data  for  mineralization 
from  the  less  prominent  uraniferous  zone  north  of  Lake  202 
in  the  mafic  volcanics  of  the  Moran  Group  to  see  the  relation¬ 
ship  of  this  mineralization  to  the  main  part  of  the  *C’  Zone. 

5.13  Discussion  and  Interpretation 

Uranium  mineralization  in  breccia  horizons  has  long 
been  recognized  (Shoemaker,  1955 ?  Backstrom,  1974),  although 
very  little  effort  has  been  expended  to  determine  their 
origin.  Gabbleman  (1976)  believes  that  most  of  these  bodies 
are  the  result  of  hydraulic  stoping  due  to  ascending  fluids 
and  gases  which  originated  in  the  mantle.  Most  breccias  con¬ 
tain  alkali  basalt  as  the  igneous  phase  (Shoemaker,  1955? 
Reinhardt,  1972)  although  quartz  carbonate  matrixes  predomin¬ 
ate  in  volume  per  cent.  In  the  case  of  those  which  have 
vented,  they  are  capped  by  pyroclastic  units  usually  altered 
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207Pb/204Pb  versus  206Pb/204Pb  plot  for  U-Pb  data 
from  the  Moran  Lake  'C*  Zone  uranium  deposit 
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quite  pervasively  by  quartz,  carbonate,  hematite  and  sericite’, 
perhaps  the  best  example  of  this  are  the  stratiform  breccia 
deposits  of  the  Wernecke  Mountains  (Bell  and  Delaney,  1977; 
Bell,  1978;  Laznicka,  1976a;  1976b). 

However,  in  the  case  of  the  Moran  Lake  'C*  Zone, 
the  mineralization  is  not  believed  to  be  related  to  the  de¬ 
position  of  the  volcanic  breccia.  Since  the  breccia  horizon 
is  of  approximately  the  same  stratigraphic  level  as  the  'B' 
Zone  the  age  of  the  volcanic  unit  must  be  ^1700  Mo,  consider¬ 
ably  older  than  the  1540  Ma  age  obtained  for  mineralization. 
Instead,  it  is  proposed  that  the  faults  located  within  the 
'C*  Zone  acted  as  conduits  for  later  fluids  enriched  in  the 
radioelements.  Volcanic  activity  is  known  to  have  occurred 
at  1520  Ma  in  the  case  of  the  Bruce  River  volcanics  and 
these  rocks  are  also  known  to  be  the  host  of  numerous  radio¬ 
active  showings  (Smyth  et  al. ,  1975)* 

Although  the  majority  of  the  uranium  mineralization 
is  believed  to  be  related  to  an  event  post  dating  the  forma¬ 
tion  of  the  volcanic  breccia  this  does  not  preclude  the 
fact  that  some  uranium  mineralization  may  have  originally 
been  concentrated  in  the  volcanics.  Whether  this  type  of 
mineralization  could  still  be  recognized  by  dating  remains 
to  be  determined  although  it  may  have  been  reset  isotopically 
by  the  later  event  at  1540  Ma.  Mineralization  in  the 
Moran  Group  volcanics  is  probably  related  to  this  same  event 
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although  dating  of  the  uranium  would  have  to  bo  undertaken 
to  confirm  this. 

By  using  the  faults  in  the  area  as  conduits  this 
requires  that  they  are  older  than  Grenvillain  as  originally 
proposed  by  Smyth  et  al. ,  (1975)  and  Ryan  (1977).  They  are 
interpreted  instead  to  represent  contemporaneous  block 
faulting  associated  with  the  graben  which  developed  post 
Moran  Group  deposition  and  which  was  infilled  by  the  molasse 
sequence  represented  by  the  Heggart  Lake  Formation.  However, 
this  does  not  preclude  the  fact  that  later  movement  may  have 
occurred  along  these  faults  associated  with  Grenville 
tectonics • 

In  summary,  the  Moran  Lake  '  C'  Zone  represents  a 
volcanic  breccia  horizon,  part  of  the  Heggart  Lake  Formation 
originally  classified  as  Paleohelikian  in  age  (Smyth  et  al.  , 
1975)  but  now  believed  to  be  much  older  (i.e.  ~1700  Ma ) .  The 
change  from  the  fine-grained  red  sediments  to  massive  oligo— 
mictic  and  then  polymictic  conglomerates  is  believed  to  rep¬ 
resent  instability  of  the  area  which  immediately  preceded 
the  deposition  of  a  volcanic  breccia.  The  origin  of  this 
volcanism  may  be  related  to  penecont emporaneous  block  faulting 
associated  with  a  graben-like  structure  subsequently  infilled 
by  the  Heggart  Lake  sediments,  a  typical  molasse  deposit. 

Later  volcanism  at  ~1520  Ma  which  was  associated  with  deposi¬ 
tion  of  the  Bruce  River  volcanics  is  believed  to  have  caused 
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the  mineralization  at  the  'C’Zone.  Mineralized  fluids  de¬ 
rived  from  depth,  enriched  in  uranium,  ascended  along  local 
fault  zones  as  in  the  case  of  the  'C'Zone  mineralizing  the 
local  lithologies.  Modification  of  the  local  geology  may 
have  reulted  due  to  subsequent  movement  along  these  faults 
during  the  Grenville  Orogeny. 


CHAPTER  VI 


KITTS  POND 

6.1  Introduction  and  Previous  Work 

The  Kitts  Pond  uranium  deposit  is  located  on  the 
south  shore  of  Kaipokok  Bay,  Figure  71  within  the  Kitts  Pond- 
Post  Hill  Belt  of  Aphebian  volcanic-sedimentary  rocks.  It 
was  discovered  by  Walter  Kitts  in  1956  (Beaven,  1958)  and  ex¬ 
ploratory  work  since  this  time  has  delineated  a  deposit  con¬ 
taining  4,056,000  lbs.  U^Og *  It  is  only  one  of  several  depos¬ 
its  within  this  belt  of  rocks  with  other  smaller  occurrences 
being  the  Inda ,  Gear,  and  Nash  (Piloski,  1968). 

The  Kitts  Pond  area  is  included  in  the  regional 
geologic  reports  of  Kranck  (1953) 1  Douglas  (1953) *  Gandhi  et 
al.  (1969),  and  Stevenson  (1970).  Detailed  mapping  of  the  lo¬ 
cal  geology  was  done  by  Marten  (1971,  1972)  and  at  present 
D.  Evans  is  studying  the  area  as  part  of  a  Ph.D.  project  at 

Queens  University.  Gandhi  (1976)  reports  one  U— Pb  age  deter— 

207™  /206 

mination  for  the  mineralization  which  gave  a  Pb/  Pb  age 
of  1760  Ma. 

The  author  visited  the  Kitts  area  during  the  end 
of  July,  1977  to  briefly  examine  the  local  geology  and  to 
collect  specimens  for  mineralogical  and  geochronologi cal  stu¬ 
dies.  No  mapping  of  the  area  was  undertaken  and  thus  the 

geology  described  here  is  mostly  the  work  of  others,  notably,, 

275 


•  276 


Figure  7 1 


Regional  geology  of  the  Kitts  Pond  Post¬ 
hill  belt 
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B.  Marten,  and  will  only  be  discussed  briefly. 

6.2  Geology  of  Kaipokok  Bay  area 

The  Kitts  deposit  is  hosted  by  metasediments  and 
metavolcanics  of  the  Aphebian  Aillik  Group  which  forms  a  broad 
northeasterly  trending  belt  along  the  south  shore  of  Kaipokok 
Bay,  Figure  71.  It  is  bounded  to  the  north  and  south  by  the 
Archean  Hopedale  Gneiss  (Kranck,  1953;  Gandhi  et  al.  ,  1969) 
and  is  cut  off  to  the  east  by  syntectonic  intrusions  of  Hud- 
sonian  age  (Marten,  1972). 

The  Hopedale  Gneiss  represents  polydeformed  and  re¬ 
constituted  basement  rocks,  consisting  of  banded  gneisses, 
migmatites  and  granites  (Marten,  1971;  Sutton,  1972).  It 
formed  the  basement  upon  which  the  younger  Aillik  Group  rocks 
were  deposited  with  the  contact  modified  and  nearly  completely 
obliterated  during  subsequent  orogenic  events. 

The  Aphebian  Aillik  Group  consists  of  five  main 
lithologies  in  the  Kitts-Post  Hill  Belt,  however,  their 
strat igraphical  order  and  thickness  is  difficult  to  ascertain 
because  many  of  the  boundaries  have  been  modified  tectonically 
and  way  up  evidence  is  lacking  (  Marten,  1971;  1972).  It  is 
probable  that  mafic  volcanics,  often  with  well-developed  pil¬ 
low  structures,  forms  the  basal  member  overlain  by  metasedi¬ 
ments  (paragneiss ) ,  rhyolite,  banded  tuffaceous  sediments, 
and  conglomerate.  The  mafic  volcanics  are  overlain  by  hori¬ 
zons  of  cherts,  argillite,  and  tuffaceous  argillite  which 
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are  associated  with  the  uranium  mineralization  at  Gear  Lake, 
Inda  Lake  and  Kitts, 

Intrusive  igneous  rocks  include  prekinematic  to 
post-kinematic  suites  with  the  majority  being  synkinematic. 

The  prekinematic  intrusives  include  the  Kitts  Gabbro  and 
quartz-feldspar  porphyry  bodies,  the  latter  of  which  intrudes 
the  volcanics  and  banded  tuffs.  Synkinematic  intrusions  in¬ 
clude  the  Long  Island  Gneiss  (Gandhi  et  al. ,  1969)*  anatectic 
granites,  granite  and  augen  gneiss,  pegmatites  and  gabbros. 
Post-kinematic  diorite  and  rhyolite  dykes  and  sheets  occur 
cutting  most  of  the  older  lithologies. 

The  structure  of  the  area  is  quite  complex.  Marten 
(1971)  recognized  five  periods  of  deformation  and  Clark  (197i) 
and  Sutton  et  al. ,  (1971)  recognized  three  on  a  more  regional 

scale.  The  first  two  phases  of  deformation  were  developed 
at  the  bas ement— cover  contact  zone,  the  third  represents  a 
regional  event,  and  structures  related  to  the  last  ttvo  periods 
of  deformation  were  mainly  developed  in  schistoze  lithologies 
(i.e.  metasediments). 

Metamorphism  of  lower  greenschist  to  amphibolite 
facies  (Gandhi  ct  al.  ,  19695  Marten,  1971)  occurred  during 
to  D  ,  with  no  constructive  mineral  growth  associated  with 
the  later  events  (Marten,  1971;  Clark,  197D.  Metamorphic 
grade  may  increase  adjacent  to  tectonic  zones. 


»  ■ 
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6.3  Local  Geology  of  the  Kitts  Pond  Area 

The  Kitts  Pond  area.  Figure  72,  is  located  at  the 
contact  between  the  basement  Hopedale  Gneiss  and  the  overly¬ 
ing  Aphebinn  Aillik  Group.  The  gneiss  outcrops  over  the  east 
ern  part  of  the  area  as  banded  gneiss  or  granodioritic  phases 
probably  representing  anatectic  melts.  The  basement-cover 
contact  is  intensely  contorted  and  pegmatitic  material  fre¬ 
quently  can  be  seen  extending  from  the  gneissic  terrain  into 
the  metavolcanics  or  metasediments.  The  Aillik  Group  se¬ 
quence  of  mafic  volcanics,  meta -argillites  and  tuffs,  con¬ 
glomerates  and  calcareous  units  is  cut  by  the  Kitts  Gabbro, 
a  prekinematic  intrusion  (Marten,  1971)*  sandwiched  between 
two  argillite  horizons.  In  addition  to  the  gabbro,  dykes  of 
diorite  and  quartz  feldspar  porphyry  also  cut  the  older  lith¬ 
ologies.  The  trend  of  the  units  is  generally  northwest  as 
compared  to  the  northeasterly  regional  trend,  the  reason  for 
this  being  attributed  to  the  gabbroic  intrusion. 

The  metapelitic  unit  ( andalusite-garnet  schist)  is 
the  most  important  unit  locally  as  it  hosts  the  uranium  min¬ 
eralization.  It  varies  in  hand-specimen  from  a  black  argil¬ 
laceous  rock  to  a  biotit e-garnet  schist  or  less  frequently 
a  biotit e-andal us it e-garnet  schist.  It  may  contain  up  to  20- 
25%  pyrite  and  pyrrhotite  with  minor  calcopyrite  forming 
thin  (1-2  mm  thickness)  bands  suggesting  a  syngenetic  origin 

.  The  unit  typically  displays  a  fabric  and 
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Figure  72 


Local  Geology  of  the  Kitts  Deposit  (ofter  Marten,  1972) 
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it  is  not  uncommon  to  find  this  refolded  into  isoclinal  folds 
plunging  steeply  to  the  south.  In  some  specimens  possible 
fragmental  material  of  1-5  mm  size  was  seen,  perhaps  indica¬ 
ting  a  volcanogenic  component.  In  thin  section  the  unit  con¬ 
sists  of  a  granoblastic  polygonal  network  of  quartz  and  feld¬ 
spar  with  biotite  ,  garnet,  amphibole,  andalusite,  chlorite, 
epidote,  magnetite,  sulphides,  and  carbonaceous  material  com¬ 
posing  the  rest  of  the  rock.  TJie  modal  contents  vary  depend¬ 
ing  on  the  specimen  examined  but  biotite  is  ubiquitous  in 
all  sections  with  amphibole  nearly  always  present.  Where 
mineralization  is  finely  disseminated  throughout  pleochroic 
haloes  can  be  seen  in  the  mafic  minerals. 

For  a  more  detailed  description  of  the  geology  the 
reader  is  referred  to  the  publications  cited  which  very  ade¬ 
quately  describe  the  individual  lithologies  of  the  area. 

6.4  Uranium  Mineralization 

Uranium  mineralization  at  Kitts  is  mainly  confined 
to  the  metapelit ic  unit,  although  mineralization  is  also 
found  in  the  metavolcanic  unit,  in  the  Kitts  Gabbro,  the 
diorite  dykes,  and  in  quartz  feldspar  dykes.  In  the  latter 
cases  mineralization  is  usually  restricted  to  the  contact 
%  areas,  where  intense  red,  hematitic  alteration  is  developed 
thus  suggesting  remobilization  of  preexisting  uranium  miner¬ 
alization  during  the  intrusion  of  the  igneous  bodies. 
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The  main  uranium  phase,  identified  as  pitchblende, 
occurs  in  two  forms  within  the  metapelitic  unit.  It  occurs 
as  coarse  veinlets  several  centimetres  in  diameter,  cutting 
across  the  local  schistosity  of  the  metapeletic  host  rock. 

The  pitchblende  is  either  fine- or  coarse-grained,  shows  vari¬ 
able  reflectivity,  and  the  abundance  of  other  minerals  (i.e. 
pyrite,  pyrrhotite,  carbonate)  is  usually  less  than  3~5%» 

This  type  of  mineralization  is  typical  of  the  high-grade  zones 
of  the  deposit.  The  second  form  of  uranium  mineralization 
is  as  finely  disseminated,  subrounded  cubes  of  pitchblende 
in  the  metapelitic  unit.  Radioluxographs  (Plate  52)  show 
that  the  mineralization  parallels  the  local  fabric  in  the 
rock  and  also  sulphide  bands  consisting  of  pyrite,  pyrrhotite, 
and  chalcopyrit c.  Both  these  forms  of  mineralization  strongly 
suggest  that  the  uranium  has  been  remobilized  during  one  of 
the  several  periods  of  deformation  known  to  have  affected  the 
area . 

Pitchblende  (Plate  53)  was  the  main  uranium  phase 
identified  with  varying  degrees  of  alteration  to  coffinite 
observed  (Plates  54  and  55).  Identification  was  made  by 
microprobing  mounted  samples  of  ore;  chart  recordings  of 
pitchblende  and  coffinite  can  be  compared  in  Figure  73  (note 
the  absence  of  thorium  in  both  cases).  Hughson  (1958)  attri¬ 
buted  the  high  cell  edge  of  5.47  A  and  cubic  shape  of  some 
grains  to  the  presence  of  uraninite,  but  positive  identifica- 
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tion  was  not  confirmed.  The  only  secondary  uranium  mineral¬ 
ization  observed  was  in  surface  trenches  where  the  metapeli- 
tic  unit  was  badly  weathered  and  in  these  cases  a  yellow  ur¬ 
anium  mineral  coating  occurred.  Interstitial  to  pitchblende 
grains  and  infilling  shrinkage  cracks  is  galena  (Plate  55), 
believed  to  be  of  radiogenic  origin. 

The  geochemistry  of  the  uranium  mineralization  ob¬ 
tained  from  the  chemical  analyses  made  during  isotopic  dating 
of  pitchblende  is  presented  in  Table  21.  Thorium  was  not  de¬ 
termined  as  the  radioactivity  in  the  Kitts  area  was  attributed 
to  uranium  only  by  the  aid  of  a  McPhar  TV-1  scintillometer. 
However,  it  should  be  mentioned  that  in  one  instance  high 
readings  were  obtained  on  the  thorium  channel  for  a  metapel- 
itic  unit.  The  uranium  analysis  indicates  the  presence  of 
high  grade  pitchblende  with  the  uranium  content  varying  from 

34-75%.  The  absence  of  any  detectible  2°^Pb  confirmed  the 

206  204 

assumption  that  thorium  was  absent.  The  high  “  Pb/  Pb 
ratios  ( 1600-33 , 000 )  suggest  a  high  content  of  radiogenic 
lead  and  therefore  a  low  amount  of  normal  lead  perhaps  indi¬ 
cating  that  the  uranium  has  been  mobilized  some  time  in  the 

past . 

Associated  with  the  uranium  mineralization  are  the 
sulphides  pyrite,  chalcopyrite  and  pyrrhotite,  red  and  white 
carbonate,  and  sometimes  epidote  veinlets.  As  mentioned 
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previously,  galena  can  be  seen  in  reflected  light  specimens 

and  Hughson  (1958)  reported  the  presence  of  molybdenite  in 

13 

minor  amounts.  Light  6  C  values  (-I3.5  to-17.5)  obtained 
on  carbonate  associated  with  the  uranium  mineralization  indi¬ 
cate  involvement  of  biogenic  carbon,  though  these  deposits 

were  formed  during  the  early  Proterozoic  (personal  communica¬ 
tion  /  Keiko  Hattori,  1978) . 

6.3  Uranium-Lead  Dating 

Eight  pitchblende  samples  from  the  Kitts  deposit 
were  dated,  with  six  of  the  samples  corresponding  to  the  vein 
type  mineralization  and  two  representing  disseminated  miner¬ 
alization.  The  procedure  is  described  in  the  Appendix  and 
the  data  are  presented  in  the  Table  21  and  plotted  on  a  Con¬ 
cordia  diagram  in  Figure  74.  Additional  data  have  been 
plotted  on  the  concordia  obtained  from  a  regional  geochrono- 
logical  study  of  uranium  occurrences  in  the  Aillik  Group  by 
Gandhi  (1976). 

The  data  indicate  a  single  mineralizing  event  at 
1750-1770  Ma  corresponding  to  the  Hudsonian  Orogenic  event 
( Stockwell ,  1964).  Sample  K-74-3(3)  gives  a  concordant  age 
of  1770  Ma  with  other  samples  only  giving  a  small  range  in 
the  207Pb/206Pb,  206Pb/238U,  207Pb/235U  ages  (U-75-10<4>; 
U-75-lO(4);  U-75-10(3);  Kitts  Dump).  No  systematic  differ¬ 
ence  was  noted  for  the  coarse  vein  type  of  mineralization 
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and  the  disseminated  type  of  mineralization.  It  was  origin¬ 
ally  thought  that  the  latter  type  may  have  represented  orig¬ 
inal,  syngenetic  uranium  mineralization  that  was  not  remobil¬ 
ized  during  subsequent  metamosphism.  A  20  ^Pb/20/iPb  versus 
2°^Pb/20iPb  isochron  plot  (Figure  75)  indicates  an  age  of 
mineralizati  on  of  1748  Ma  confirming  a  single  mineralizing 
event  with  no  subsequent  introduction  of  lead  as  noted  at 
both  Stormy  Lake  and  Burnt  Lake. 

The  singleanalysis  made  by  Gandhi  (1976)  of  Kitts 
mineralization  agrees  with  the  work  reported  here( 2°^Pb/2°^Pb 
age  =  1760  Ma).  However,  the  results  for  Inda  and  Gear  lie 
off  a  diffusion  line  for  the  Kitts  mineralization  drawn  in 
as  a  reference.  The  2°^Pb/2°^Pb  ages  of  the  two  showings, 
1851  Ma  and  1990  Ma  respectively,  may  represent  earlier  per¬ 
iods  of  deformation  and  local  remobilization  of  uranium  or 
might  in  fact  reflect  the  syngenetic  deposition  of  uranium. 

It  should  be  noted  that  the  low  uranium  content  (1.04%)  of 
the  sample  from  Inda  Lake  could  make  this  analysis  unreliable 
or  at  least  questionable. 

In  summary,  original  syngenetic  uranium  mineraliz¬ 
ation  concentrated  in  black  shales  was  remobilized  or  recon¬ 
centrated  as  either  vein— type  oir  disseminated— type  minerali¬ 
zation.  Analyses  of  eight  high-grade  pitchblende  samples 
cluster  around  the  concordia  indicating  an  age  of  17^0  — 1770 
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Ma  for  this  event,  probably  related  to  the  Hudsonian  Orogeny. 

.  206_  .204  .  .  .  ...  208^  ^ 

High  Pb/  Pb  ratios  and  negligible  Pb  concentrations 

indicating  the  absence  of  thorium,  support  a  theory  involving 
remobilization;  Two  additional  analyses  of  similar  occurren¬ 
ces  within  the  Post  Hill-Kitts  Belt,  the  Inda  and  Gear  Lakes 
showings,  lie  off  the  Kitts  diffusion  line  giving  older 
2°^Pb/2°^Pb  ages.  Although  they  may  represent  either  separ¬ 
ate  periods  of  local  uranium  remobilization  or  original  syng- 
enetic  uranium  deposition,  their  genetic  relationship  to  the 
Kitts  deposit  remains  ambiguous. 

6.6  Discussion  and  Interpretation 

The  occurrences  of  uranium  mineralization  in  black 
shales  is  not  uncommon  although  the  high  grades  at  the  Kitts 
deposit  are  unusual,  however,  it  does  represent  a  remobil¬ 
ized  event  and  not  the  original  syngenetic  uranium  concentra¬ 
tions.  More  commonly  associated  with  black  shales  are  low 
concentrations  of  uranium  (i.e.  50— 80  ppm)  in  large  tonnages 
as  at  Ranstad,  Sweden  or  the  Chattanooga  shales  of  the  United 
States  (Derry,  1977;  McMillain,  1977).  In  such  cases  the 
uranium  is  usually  ad  sorbed  by  iron-hydroxides  (Rydell  and 
Bonatti,  1976)  or  hemipelagic  sediments. 

The  stratiform  nature  of  the  uranium  mineralization 
at  Kitts  strongly  suggests  a  syngenetic  origin,  as  proposed 
by  Gandhi  (1976),  however,  the  source  of  the  uranium  is  more 
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ambiguous  and  two  possibilities  exist.  It  was  either  derived 
from  weathering  of  the  Archean  basement  complex  to  the  north 
and  transported  in  solution  into  an  adjacent  basin,  or  the 
uranium  may  be  of  volcanogenic  origin  as  there  are  mafic  and 
folsic  volcanics  within  the  Aillik  sequence.  Bostrom  and 
Fisher  (1971)  stated  that  the  high  concentration  of  uranium 
in  active  ridge  sediments  suggested  that  submarine  volcanism 
is  an  important  source  of  the  radioelement.  However,  McMillain 
(1977) »  Hegge  (1977) »  and  Morton  (1977)  favor  weathering  of 
Archean  terrains  and  transport  of  uranium  into  Aphebian 
basins  where  subsequent  precipitation  of  it  occurs  in  shelf 
facies  sediments  (i.e.  black  shales  and  calcareous  rocks) 
with  remobilization  occurring  during  later  orogenic  events. 
Ruzicka  (1975)  also  stated  that  uranium,  syngenet ica lly  de¬ 
posited  in  shales,  can  be  remobilized  and  redeposited  under 
conditions  of  thermal  and  dynamic  metamorphism. 

In  summary,  uranium  mineralization  at  Kitts  was 
originally  deposited  in  black  shales,  part  of  a  miogeosyn— 
clinal  assemblage  of  Aphebian  volcanics  and  sediments.  The 
uranium  is  believed  to  have  resulted  from  weathering  of  the 
Archean  complex  to  the  north  although  a  small  component  may 
be  of  volcanogenic  origin.  Subsequent  greenschist-amphibo- 
lite  grade  metamorphism  associated  with  the  Hudsonian  Orogeny 
resulted  in  remobilization  and  reconcentration  of  the  uranium 
as  vein  and  disseminated  mineralization  1/jO— \ { ( 0  Ma  ago. 


This  process  is  very  similar  to  that  described  by  Morton 
(1978)  and  McMillain  (1977)for  the  Wollaston  Fold  Belt  of 
Saskatchewan,  by  Hegge  (1978)  for  the  Jabiluka  deposit  of 
Australia,  and  by  Dodson  et  al.  (197^)  tor  the  Rum  Jungle 


South  Alligator  River  Valley  area  of  Australia. 


CHAPTER  7 


7.1  Synthesis  and  Conclusions 

Whole-rock  geochemistry  (major  elements)  of  the 
Bruce  River  Group,  Minisinakwa  volcanics.  Walker  Lake  Granite 
and  Otter  Lake  Granite  indicates  that  the  suites  are  (i) 
typically  calcalkaline  in  composition,  as  indicated  from 
various  wt  %  oxide  diagrams;  (ii)  are  characterized  by  high 
A1203,  Na20,  and  K^O  contents  indicating  affinities  with  the 
high  K— calc-alkaline  — shoshonite  suite  (Mackenzie  and  Chappel, 
1972);  and  (iii)  may  be  petrogenetically  related,  since  they 
share  a  common  trend  on  most  variation  diagrams,  with  the 
possibility  of  a  Bruce  River-Walker  Lake  trend  and  a  Minisin- 
akwa-Otter  Lake  trend  suggested  by  one  diagram  (Figure  l6, 

AFM  diagram).  The  anomalous  chemistry  of  the  rock  suites indi 
eating  an  affinity  to  the  shoshonitic  suite  is  indicative  of 
orogenic  environments  which  have  changed  from  a  dominantly 
dipslip  (subducting)  to  strike-slip  regime.  Such  environ¬ 
ments  exhibit  a  progression  from  an  early  tholeiitic  dominant 
chemistry  through  to  calcFalkaline ,  shoshonitic  and  finally 
an  alkaline  affinity.  The  Central  Mineral  Belt  displays  such 
a  pattern  starting  with  the  tholeiitic  basalts  of  the  Lower 
Aillik  Group  in  the  east  and  progressing  through  the  series 
to  the  agpaitic  alkaline  rocks  of  the  Red  Wine  Province  found 
further  to  the  west.  Concomitant  with  this  change  in  chemis¬ 
try  and  lithospheric  plate  movement  is  the  rotation  and 
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fragmentation  of  an  arc  system;  this  may  possibly  explain  the 
apparent  discrepancy  in  structural  trends  (55°)  between  the 
Central  Mineral  Belt  and  the  rest  of  the  Nain  Province. 

Although  the  above  solution  is  attractive,  a  simp¬ 
ler  answer  to  explain  the  anomalous  chemical  patterns  (which 
are  similar  to  those  found  in  S-type  granites)  involves  crus¬ 
tal  fusion  of  older  basement  rocks.  Partial  fusion  of  the 
Archian  Hopedale  Gneiss  ( circa  1700-1500  Ma ) ,  known  to  under¬ 
lie  the  area,  would  result  in  similar  chemical  trends  and  also 

87  86 

produce  rocks  with  initial  ' Sr /  Sr  ratios  in  the  range  of 
0.7050,  close  to  the  values  obtained  in  this  study.  Such  an 
environment  is  more  typical  of  a  stable  craton,  analogous  to 
other  areas  characterized  by  large  volumes  of  rhyolitic  to 
rhyodacitic  pyroclastic  material  (i.e.  Cascades,  Roman  Pro¬ 
vince),  where  an  underlying  heat  source  causes  fusion  of  the 
overlying  cratonic  material. 

A  compromise  between  these  two  theories  is  found 
in  the  North  Island  of  New  Zealand  where  a  stable  craton  is 
in  close  proximity  to  a  flexure  in  the  Tonga— Kermadek  arc. 

Five  Rb/Sr  isochrons,  combined  with  previous  geo- 
chronological  studies  and  U/Pb  dating  performed  in  this  study 
have  permitted  the  author  to  resolve  several  of  the  age- 
relationship  problems  defined  in  the  introduction,  namely. 

(i)  That  the  Aillik  Group  should  be  reclassified  into 
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a  Lower  and  Upper  unit,  with  the  possibility  of  an  unconfor¬ 
mity  separating  the  two  groups  of  rocks.  A  Rb/Sr  age  of 
1767  -  4  for  the  acid  volcanics  of  the  Aillik  Group,  com¬ 
bined  with  a  minimum  age  of  1832  -  58  Ma  for  the  basic  vol¬ 
canics  and  metapelites  of  the  Kit ts-Pos thill  Belt  of  Aillik 
Group  rocks,  suggests  either  a  diachronous  relationship  be¬ 
tween  the  two  areas,  or  an  unconf ormable  relationship.  Dating 
of  vein-type  uranium  mineralization  at  Kitts  at  1770  Ma,  be¬ 
lieved  to  have  formed  during  the  Hudsonisn  Orogeny,  implies 
that  the  area  to  the  north  was  undergoing  deformation  and 
metamorphism  at  the  same  time  as  active  volcanism  was  occur¬ 
ring  further  to  the  south,  thus  suggesting  the  presence  of 
an  unconformity  between  the  two  groups.  Whether  these 
younger  rocks  were  deposited  with  an  angular  unconformity 
or  disconf ormity  on  lower  Aillik  Group  rocks,  is  a  question 
which  can  only  be  resolved  in  the  field  and  at  present  lack 
of  outcrop  in  the  critical  area  prevents  this. 

(ii)  Dating  of  both  the  Bruce  River  Group  volcanics 

(1520  Ma)  and  the  Aillik  Group  acid  volcanics  (1767  -  4  Ma ) 
has  shown  that  the  two  volcanic  units  are  not  time  strati— 
graphic  equivalents.  However,  similarities  in  chemistry 
(Bailey,  personal  communication),  combined  with  other  Rb/Sr 
dates  indicate  that  the  younger  volcanics  may  represent  a 
transgression  of  volcanic  activity  towards  the  west  during 
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Aphebian  to  Helikian  times. 

(iii)  That  the  Minisinakwa  Volcanics  (1538  -  35  Ma )  are 
time  stratigraphic  equivalents  of  the  upper  part  of  the 
Bruce  River  Group  volcanics  (1520  Ma).  This  conclusion  is 

in  agreement  with  field  data,  indicating  similar  characteris¬ 
tics  between  the  two  groups  of  rocks  (i.e.  feldspar  porphyry 
sequence  with  minor  intermediate  flows,  hornblende  andesites, 
and  volcaniclas tic  units).  A  combined  isochron  indicates  an 
age  of  1537  Ma ,  which  agrees  with  the  1526  -  44  Ma  age  ob¬ 
tained  by  Wanless  and  Loveridge  (1972)  on  the  Bruce  River 
volcanics. 

(iv)  That  the  Otter  Lake  Granite  (1496  -  37  Ma )  repre¬ 
sents  part  of  a  widespread  intrusive  event  during  Helikian 
time,  possibly  related  to  the  Elsonian  event  (1400-1450  Ma , 
Stockwell,  1964)  within  Labrador.  A  less  reliable  Rb/Sr  age 
of  1550  -  55  Ma  (?)  for  the  Walker  Lake  Granite  prevents  a 
conclusive  correlation  to  be  made  between  the  two  areas. 
Although  mapping  by  Ryan  (1978;  1979)  and  Bailey  (1978*,  1979) 
indicates  that  an  extensive  area  of  the  Central  Mineral  Belt 
is  underlain  by  an  equigranular ,  leucocratic  to  mei anocrat ic 
granite ,  this  writer  does  not  feel  that  they  represent  one 
large  single  intrusion  but  instead  a  composite  body.  For 
example,  the  Otter  Lake  Granite  is  characterized  by  large 
(0.5-1  mm)  euhedral  sphene  crystals  which  are  absent  in  the 
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Walker  Lake  Granite.  Resolution  of  this  problem  will  only 
be  obtained  by  more  mapping  on  a  smaller  scale  (1:20,000), 
combined  with  geochemical,  geochronological ,  and  petrographic 
studies. 

The  results  of  this  Rb/Sr  study,  combined  with  both 
earlier  and  more  recent  studies,  indicate  that  an  extensive 
period  of  acid  volcanism  and  intrusive  activity  extending 
from  1800  Ma  to  1400  Ma  occurred  in  southern  Labrador.  The 
activity  commenced  in  the  eastern  part  of  the  study  area 
and  moved  progressively  westwards  with  the  greatest  amount 
of  activity  occurring  during  the  Paleohelikian.  This  is  rep¬ 
resented  by  the  acid  volcanic  rocks  of  the  Bruce  River  Group, 

Minisinakwa  Volcanics,  Letitia  Lake  Porphyry  and  the  Petscap- 

2 

iskan  Volcanics  —  a  total  area  of  ~5000  km  —  and  the 
large  area  underlain  by  the  Walker  Lake  and  Otter  Lake  Grani¬ 
toid  bodies.  In  the  latter  case  this  large  composite  body 
may  decrease  in  age  from  east  to  west,  with  the  Walker  Lake 
Granite  dated  at  1550  +  55Ma  and  the  Otter  Lake  Granite  dated  at 
1496  +  37Ma. 

Detailed  studies  of  five  uranium  deposits  and  show¬ 
ings  of  diverse  nature  throughout  the  Central  Mineral  Belt 
has  delineated  a  minimum  of  four  uraniferous  subprovinces  and 
mineralizing  epochs.  These  are  (i)  the  Kitts-Moran  Lake  sub¬ 
province,  represented  by  the  Kitts  deposit  and  Moran  Lake 
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*  B  Zone;  (ii)  the  Burnt  Lake-Michelin  subprovince,  represen¬ 
ted  by  the  Burnt  Lake  showing  and  the  Michelin  deposit;  (iii) 
the  Stormy  Lake  subprovince,  represented  by  the  Stormy  Lake 
showing,  and  ( iv )  the  Bruce  River  subprovince,  represented 
by  the  Moran  Lake  *C*  Zone.  In  addition  to  these  areas  several 
other  potential  targets  have  been  recognized. 

(l)  The  Kitts-Moran  Lake  subprovince:  original  syngen- 

et ic/diagenet ic  uranium  mineralization  concentrated  in  black, 
iparine  shales  of  the  Aphebian  Moran  Lake  Group  and  Lower 
Aillik  Group  was  remobilized  into  vein-type  deposits  (type 
deposit  Kitts,  1770  Ma )  during  the  Hudsonian  Orogeny.  Subse¬ 
quent  incorporation  of  this  upgraded  mineralization  by  anor- 
thositic  dykes  with  high  PCO^i  due  to  assimilation  of  car¬ 
bonate,  occurred  in  the  Moran  Lake  ’B'  Zone  at  17^0  Ma 
(  Figure  76 ) . 

(ii)  The  Burnt  Lake-Michelin  subprovince:  Syngenetic/ 
diagenetic  alteration  and  metasomatism  of  Aphebian  felsic 
tuffs  with  contemporaneous  leaching  and  reprecipitation  of 
uranium  in  mafic— rich  portions  of  rocks  (i.e.  areas  rich  in 
sodium  pyroxene  and  amphibole)  occurred  during  deposition  of 
the  Upper  Aillik  Group  (type  deposit  Burnt  Lake,  1800  Ma ) . 

The  altered  nature  of  the  intrusive  body  at  Michelin  and 
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76  Geologic  environment  for  uranium  mineralizatio 
at  the  Moran  Lake  '  B'  Zone. 
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granitic  fragments  containing  pyroxene,  amphibole  and  uran¬ 
ium  mineralization  found  in  the  felsic  tuffs  at  Burnt  Lake, 
suggest  an  active  subvolcanic  hydrothermal  system  enriched 
in  alkaline  solutions  which  participated  in  the  mineralizing 
process  (Figure  77)*  Later  remobilization  and  reconcentra¬ 
tion  of  uranium  during  the  Grenville  orogeny  has  increased 
the  grade  in  some  instances  (type  deposit  Michelin,  1100 
Ma). 

(iii)  The  Stormy  Lake  subprovince:  vein-type  mineraliza¬ 
tion  associated  with  the  Paleohelikian-Neohelikian  unconfor¬ 
mity  between  Bruce  River  Group  acid  volcanics  and  Seal  Lake 
Group  sediments  was  generated  during  the  waning  stages  of 
the  Grenville  Orogeny,  Mineralization  includes  U,  F,  Cu, 
Fe-Ag  concentrated  in  fractures  with  or  without  quartz  and 
calcite  gangue  (type  deposit  Stormy  Lake,  900  Ma )  as  repre¬ 
sented  diagramatically  in  Figure  78. 

(iv)  The  Bruce  River  subprovince:  uranium-rich  solu¬ 
tions  associated  with  late-stage  acidic  volcanism  of  the 
Bruce  River  Group  (see  Table  2)  permeated  along  fault  zones 
and  other  accessible  channelways  and  uranium  minerals  were 
precipitated  in  favourable  horizons  (i.e.  carbonate— rich 
volcanics  at  type  deposit,  Moran  Lake  1  B'  Zone)  as  shown  in 
Figure  79« 

In  addition  to  these  favourable  provinces  other  po¬ 
tential  targets  can  be  postulated  by  analogy  to  other 


FIG.  77  Schematic  diagram  illustration  Burnt  Lake-Michelin  type 
uranium  environment  during  Aphebian  time. 
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uranium  districts.  Those  include  the  following;  i)  the 
Archean-Aphebian  unconformity  between  the  basement  gneiss 
terrain  and  the  Moran  Group  and  lower  Aillik  Group.  This  is 
analagous  to  the  Beaverlodge  and  Wollaston  Belt  districts  of 
northern  Saskatchewan;  ii)  recent  discoveries  of  mineralized 
granite  boulders  near  Monkey  Hill  (assays  up  to  13%  U3V 

indicate  the  potential  for  porphyry-type  uranium  deposits  as 
described  by  Armstrong  (197^);  and  iii)  the  unconf ormable 
contact  between  the  Paleohelikian  Heggart  Lake  Formation  and 
the  Aphebian  Moran  Lake  Group,  identical  to  the  relationship 
found  in  the  Athabasca  Basin  of  northern  Saskatchewan  where 
several  large  high-grade  deposits  hove  been  discovered,  con¬ 
stitutes  the  most  potential  for  a  future  exploration  target 
outside  of  subprovinces  (i)  and  (ii). 


APPENDIX  1 


(Uranium-Lead  Procedure) 

Sampling  procedure:  Uranium  samples  were  collected  from 
exposed  outcrops  except  for  the  Kitts  deposit  and  Burnt 
Lake  showing  (samples  B-59,  B-6l)  which  were  obtained  from 
drill  cove.  As  a  result  of  this  the  mineralization  used 
in  the  study  shows  some  effects  of  recent  weathering  in¬ 
dicated  by  uranium  loss  (i.e.  Burnt  Lake). 

Mineralization  was  first  examined  in  reflected 
light  to  determine  the  number  of  phases  present;  in  all 
cases  only  one  period  of  mineralization  was  observed  ex¬ 
cept  for  Kitts  where  alteration  of  pitchblende  to  coffinite 
occurs.  Following  this,  samples  containing  uranium  miner¬ 
alization  were  crushed  to  -80  mesh  size  and  the  uraniferous 
phase  handpicked  with  the  aid  of  a  binocular  microscope. 

The  author  picked  only  the  freshest  mineralization  available) 
free  of  any  sulphide  minerals  and  evidence  of  weathering. 
Some  specimens  did  contain  internal  galena,  however,  but 
this  Pb  is  believed  to  be  of  radiogenic  origin  and  did  not 
affect  the  dating  (i.e.  Burnt  Lake  and  Kitts). 

Approximately  200-800  ug  of  the  uraniferous  phase 
was  used  for  dating  except  in  the  case  of  the  Moran  Lake 
*C*  Zone  where  -^100-150  ug  was  used  due  to  a  lack  of  good 
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mineralization. 

Analytical  procedure:  The  procedure  employed  here  is  a 
slight  variation  on  the  method  described  by  Baadsgaard  (1973) 
and  Baadsgaard  et  al.  (1976)  for  U-Pb-Th  analyses  of  zircons, 
sphene  and  apatite,  A  weighed  amount  of  handpicked  uranium 


and  distilled  H^O;  where  a  residue  remained  after  digestion 
of  the  uraniferous  phase  it  was  weighed  and  an  appropriate 
correction  made  to  the  weight  of  the  uranium  sample.  Ali¬ 
quots  of  uranium  and  lead  spikes  were  added  to  an  aliquot 
according  to  sample  size  after  having  divided  the  solution 
into  I,R,  (isotope  ratio)  and  I.D,  (isotope  dilution) 
portions.  The  I.D.  solution  was  evaporated  to  dryness  and 
the  Pb  separated  and  purified  by  anion  exchange  (Krogh, 

1973)*  The  Pb  in  the  I.R.  solution  was  co-precipitated 
with  purified  Ba(N0_)„  and  the  supernate  solution  containing 
U  collected  and  evaporated  to  dryness  before  being  separated 
by  nitrate  anion  exchange.  The  I.D.  Pb  was  co— precipitated 
with  Ba(NO  )  an  additional  two  times  (to  ensure  purifica- 
tion  of  the  Pb)  before  being  taken  up  in  1.5N  vapour  dis¬ 
tilled  HC1  and  purified  by  an  anion  exchange  column. 

Both  the  Pb  I.R.  and  I.D.  samples  were  isotopically 
analyzed  by  the  silica  gel  method  with  the  Pb  being  taken  up 
in  2.4n  H^PO^  and  loaded  on  a  single  Re  filament  coated  with 
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the  gel.  Uranium  was  loaded  on  a  double  Re  filament  as  a 
nitrate.  Both  U  and  Pb  were  run  on  either  a  Micromass  30 
automated  mass  spectrometer  equipped  with  an  on-line  computer, 
or  a  Russell-type,  12  in.  radius,  90°  sector  mass  spectro¬ 
meter  equipped  with  peak  switching  facilities  and  a  chart 
recorder. 

The  total  Pb  blank  was  <  4  ng  and  the  U  blank  < 1 

ng. 

Treatment  of  data:  Data  obtained  from  the  Micromass  30  was 
presented  as  computer  printouts  with  isotopic  ratios  already 
calculated.  Data  from  the  chart  recorder  was  hand  calcula¬ 
ted.  Precision  of  the  isotopic  Pb  measurements  were  < -0.2% 
and  for  the  U  -  0.2%*  (see  Tables  10,  17 «  18  and  19).  Con¬ 
stants  employed  in  the  study  were  those  recommended  by  the 
TUGS  subcommission  on  Geochronology  (Steigher  and  Jager, 

1977)  and  are  as  follows: 

XU-238  =  1.5513  x  10”10/yr 
*U-235  =  9.8485  x  10”10/yr 

238u/235u  =  137.88 

Calculation  of  isotopic  ages  and  ratios  was  done  using  a 
computer  program  written  by  Dr.  H.  Baadsgaard,  University 

*  The  ppm  U  and  ppm  Pb  values  are  estimated  to  be  precise  to 

< -0.5%. 
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of  Alberta.  The  data  is  presented  in  Tables  II,  18,  19  and 
21  ,  and  plotted  on  conventional  concordia  diagrams  in 
Figures  44,  58,  66,  69,  and  74. 
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Plate  1  -  Flat  lying  F1  fold  in  Bessie  Lake  Formation 

sediments.  Graded  bedding  indicates  that  tops 
are  up.  Note  refraction  of  slaty  cleavage  in 
different  beds. 


Plate  2  -  Steeply  plunging  F 2  folds  in  Bessie  Lake  Forma¬ 
tion.  Folds  plunge  65°  to  the  SW.  It  is 
interesting  to  note  that  the  quartz  veins 
represent  local  reraobilization  of  precursor 
quartz  pebbles  and  cobbles  on  an  outcrop  scale. 
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Plate  3 


Plate  4 


-  Large  megafold  of  F age  in  outlier  of  Seal 
Lake  sediments,  looking  NE.  In  the  distance 
are  Bruce  River  Volcanics  and  to  the  right  the 
Otter  Lake  Granite. 


Aerial  view  of  the  Stormy  Lake  uranium 
showing  with  the  Bruce  River — Seal  Lake 


unconformity  sketched  in. 


313 


Plate  5 


-  Overturned  unconformity  with  Bruce  River 
Volcanics  on  top  of  Seal  Lake  quartz  pebble 
conglomerate  (photo  taken  in  eastern  part  of 
the  map  area). 


Plate  6  -  Excellent  cross-bedding  in  quartzites,  defined 
by  heavy  mineral  (magnetite)  laminations. 
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Plate  7 


Plate  8 


Euhedral  to  subhedral,  detrital  sphene 
crystals  in  meta-argillite  rock  (plane 
polarized  light,  X10). 


-  Oligomictic,  quartz  cobble  conglomerate 
unit  at  Stormy  Lake.  Note  the  lack  of  any 
matrix  material  and  uniform  grain  size  of 


the  clasts. 
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Plate  9  -  Infolding  of  the  Bruce  River-Seal  Lake  un¬ 

conformity  along  the  main  trench.  Fold  is 
F0  in  age  with  steep  plunge  to  the  SW.  The 
Seal  Lake  sediments  have  been  eroded  away 
leaving  the  empty  synclinal  structure.  Note 
striations  on  the  unconformity  surface. 


Plate  10  -  Quartz  vein  containing  inclusion  of  crenu- 

lated  schist  indicating  two  phases  of  defor¬ 
mation  in  the  Stormy  Lake  area  and  also 
suggesting  that  quartz  veining  was  a  late 


stage  event 
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Plate  11 


Vein-type  uranium  mineralization  (pitch¬ 
blende)  at  Stormy  Lake. 


Plate  12  -  Local  erratics  with  mineralized  surfaces. 

Note  the  rod-shaped  habit  of  surfaces  which 


contain  uranium  mineralization 
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Plate  13  -  Quartz  vein  containing  rhombohedral 


hematite  crystal. 


Plate  18  -  Lapilli  tuffs  in  the  mineralized  unit, 

Burnt  Lake.  Note  the  darker  matrix  which 
contains  alkali  pyroxene  and  amphibole. 
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Plate  14  -  Pitchblende  mineralization  containing  blades 
of  specular  hematite  (reflected  light,  X'lO). 

Plate  15  -  Metarhyolite  specimen  containing  banded 

purple  fluorite  mineralization.  In  three 
dimensions  one  can  see  that  the  bands  of 
fluorite  are  folded  (true  scale)  . 


Plate  l6  -  Group  of  primary,  two  phase  (HO  +  vapor) 
fluid  inclusions  in  quartz  (specimen  S-17» 
plane  polarized  light,  X40). 


Plate  17  -  Large  primary,  three  phase  fluid  inclusion 

in  fluorite.  Note  the  solid  phase,  possibly 
halite,  in  the  lower  right  corner  of  the 
inclusion  (plane  polarized  light,  X*iO). 
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Plate  19  -  Mineralized  tuffs  charact eriaed  by  their 
mafic  banding  composed  of  alkali  pyroxene 
and  amphibole. 


Plate  20  -  Mineralized  feldspar  porphyry  unit  with  mafic 
banding.  Note  how  the  mafic  banding  wraps 
itself  around  the  feldspar  crystals  in  a 


eutaxitic-like  fashion 
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Plate  21  -  Large  fragments  of  bedded  felsic  tuffs 
(aquagine  tuffs  ?)  in  quartz  feldspar 
porphyry  unit. 


Plate  22  -  Sharp  contact  between  mafic  rich  and 
leucocratic  portions  of  the 
Nicols  ,  X2.5). 


rock  (X 
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Plate  23  -  Mngnesioriebeckite  displaying  typical  bluish- 
green  color  and  120°  cleavage  pattern.  Green 
mineral  is  aeg irine-augit e  and  white  backgroun 
is  composed  of  quartz  and  feldspar  (plane 
polarized  light,  Xl6). 


Plate  24  -  Aeg irine-augit e  displaying  an  olive  green 

color  and  typical  glomeroporphyritic  habit. 
Black  mineral  is  pitchblende  and  white  back¬ 
ground  is  composed  of  quartz  and  feldspar. 
Note  the  pleochroic  haloes  in  the  pyroxenes 
containing  uranium  mineralization  (plane 
polarized  light,  X2.5). 
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Plate  25  -  Mineralized  hand  specimen  and  radioluxograph 

(exposure  time  3  hours  and  40  minutes)  showing 
strong  correlation  between  the  mafic  rich 
portion  of  the  rock  and  uranium  mineralization 

(true  scale) . 

Plate  26  -  Mineralized  hand  specimen  and  radioluxograph 
(exposure  time  8  hours),  again  showing  the 
strong  association  between  melanocratic  por¬ 
tions  of  the  rock  and  uranium  mineralization. 

207 

Pitchblende  from  this  specimen  gave  a  Pb/ 

n 

Pb  age  of  1770  Ma. 


Plate  28  -  Pitchblende  (grey)  mineralization  showing 

subhedral  habit  of  individual  grains.  Galena 
(white}  believed  to  be  composed  of  radiogenic 
lead,  is  interstitial  to  the  pitchblende  with 
cumulate-like  texture.  Piece  of  chalcopyrite 
(bright)  on  lower  left  corner  of  grain  (re¬ 
flected  light,  X40). 
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Plate  27  -  Mineralized  tuff  with  irregular-shaped  mafic 

portions  and  intense  red  (hematite)  alteration. 
The  highest  radioactivity  corresponds  to  the 
red  colored  portions  of  the  outcrop. 


Plate  29  -  Polyraictic  boulder  conglomerate  of  the 

Ileggart  Lake  Formation.  Note  the  variety  of 


clasts  which  make  up  the  rock 
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Plate  30  -  Author  sitting  on  the  contact  between  dark 
green  anorthositic  dyke  containing  uranium 
mineralization  and  red  metasediments.  Note 
the  thick  cover  of  (damp)  moss  overlying 
the  bedrock  which  inhibits  the  successful  us 
of  a  gamma  ray  scintillometer  in  this  area 
(see  discussion  in  the  text). 


Plate  52  -  Medium-grained  anorthositic  dyke  displaying 
accicular  habit  of  the  plagioclase  crystals 
(XNicols,  Xl6). 
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Plate  33  -  Green,  feldspar  porphyry  dyke (unminera lized) 
cutting  red  siltstones  which  have  been 
altered  close  to  the  dyke  contact. 


Plate  3^  ”  Thin  section  of  the  feldspar  porphyry  dyke  in 
plate  33-  Note  that  the  large  feldspar  grain 
is  composed  of  several  euhedral  crystals 
intergrown  together  and  that  the  carbonate 
alteration  is  most  prominent  after  the 
feldspar  phenocrysts  rather  than  the  matrix 
(X  Nichols,  X2.5)« 
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Plate  31  -  Coarse-grained  anorthositic  dyke  displaying 

typical  equigranular  texture.  Black  portions 
are  composed  of  irregular-shaped  patches  of 
magnetite  -  penninite  (X  Nicols,  X2.5). 

Plate  36  -  Hand  specimen  of  mineralized  anorthosite  and 

radioluxograph  (exposure  time  9  hours)  showing 
strong  correlation  between  altered  (hematite) 
part  of  the  rock  and  uranium  mineralization 

(true  scale) . 


Plate  37  -  Hand  specimen  of  mineralized  anorthosite  and 
radioluxograph  (exposure  time  3  hours),  again 
note  the  strong  correlation  between  the 
altered  portions  of  the  rock  and  uranium 
mineralization  (true  scale). 
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Plate  35  -  Feldspar-pyroxene  porphyry  dyke*  Euhedral 
phenocrysts  of  feldspar  (upper  left)  and 
pyroxene  (center;  altered  to  actinolite  and 
chlorite)  in  a  fine  grained,  trachytic 
matrix.  (X  Nicols,  X2.5) 


Plate  38  -  Euhedral  sphene  crystal  being  replaced  by 
brannerite  in  coarse-grained  anorthositic 
dyke.  The  green  mineral  is  penninite  and 
the  white  background  is  composed  of  pure 
albite.  Note  the  reddish  brown  color  of 
sphene  adjacent  to  the  uranium  mineralization 
(plane  polarized  light,  Xl6). 
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Plate  39  -  Brannorite  mineralization  (grey)  (reflected 


light,  X40). 


Plate  43  -  Volcanic  breccia  or  lithic  tuff,  exhibiting 
bedding.  Note  the  alignment  of  the  fragment 
and  length  of  some  as  if  they  had  been 
flattened  post  deposition  due  to  compaction. 


Plate  46  -  Relatively  unaltered  part  of  the  volcanic 
rocks  showing  the  original  andesitic  tex¬ 
tures  (X  Nicols,  X10). 


Plate  47  -  Late  stage  veinlet  composed  of  plagioclase 
laths  cutting  volcanic  breccia  unit 
(X  Nicols  ,  X2.5). 
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Plate  40  -  Pillowed  basalts  of  the  Moran  Group 


Plate  4l  -  Oligomictic,  intraf ormational 
of  the  Heggart  Lake  Formation 


conglomerate 
This  immedia 


tely  overlies  a  red  silty  mudstone,  identica 
to  the  clasts  in  the  conglomerate. 
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Plate  42  -  Typical  outcrop  of  the  volcanic  breccia. 

Note  the  alignment  of  the  clasts  and  their 
shapes  (i.e.  angular,  flattened,  etc.). 


Plate  44  -  Thin  section  of  lithic  tuff.  Note  the  flow- 


age  of  the  matrix  around  the  fragments  (X 
Nicols ,  X2.5). 
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Plato  45  -  Fragments  of  Moran  Group  basalts  in 

volcanic  matrix  exhibiting  quench  textures 
such  as  rosettes  and  swallow  tails  (X 
Nicols,  X2.5)« 


Plate  48  -  Polymictic  conglomerate  overlying  volcanic 
breccia.  Notice  the  shallow  dip  of  the 
contact,  this  argues  against  a  diatreme  or 
explosive  breccia  origin  for  the  volcanic 
breccia. 


» 


350 


Plate  ;t9  -  Contact  (vertical)  between  a  dark  green, 

aphanitic  dyke  and  bleached  grey  sandstones 
of  the  Heggart  Lake  Formation,  This  dyke  can 
be  followed  upwards  before  it  disappears  into 
conglomerates.  It  is  thought  possibly  to  be 
a  feeder  dyke  for  the  overlying  volcanic 
breccia  (photo  taken  in  the  eastern  part  of 
the  map  area). 
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Plate  50  -  Hand  specimen  of  mineralized  volcanic  breccia 


and  radioluxograph  (exposure  time  6  hours). 

Note  the  correlation  between  mineralization  and 
dark  colored  (hematite  alteration)  portions 
of  the  rock  (true  scale)  . 


Plate  51  -  Hand  specimen  of  mineralized  volcanic  breccia 
and  radioluxograph  (exposure  time  12  hours). 
Again,  note  the  strong  correlation  between  the 
mineralization  and  the  altered  parts  of  the 
specimen  (true  scale). 


Plate  52  -  Radioluxograph  (exposure  time  kj>  minutes) 
of  meta-argillite  showing  the  distribution 
of  uranium  mineralization  which  parallels  the 
metamorphic  fabric  developed  in  the  hand- 
specimen  (true  scale) . 

Plate  53  “  Pitchblende  mineralization  (grey).  Note  the 
subcubic  shape  of  the  grains  (reflected 
light,  X4&). 


Plate  54  -  Pitchblende  mineralization  (light  grey) 

altered  to  coffinite  (dark  grey).  Note  the 
corroded  edges  of  the  pitchblende  grains  and 
development  of  shrinkage  cracks  (reflected 
light,  X40). 

Plate  55  -  Pitchblende  mineralization  (light  grey)  nearly 
entirely  altered  to  coffinite  (dark  grey)  with 
remnant  patches  of  galena  (white)  which 
originally  formed  as  interstitial,  cumulate-like 
grains  to  pitchblende  (reflected  light,  X40). 
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